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(54) Saccharide composition with reduced reducibllity, and preparation and uses thereof 



(57) A saccharide composition with a reduced reduc- 
ibilrty which is prepared by hydrogenating a saccharide 
mixture comprising reducing saccharides and non-re- 
ducing saccharides consisting of trehalose and/or sac- 
charides having a trehalose structure. The saccharide 



composition has a satisfactory sweetness, taste and sta- 
bility, and is substantially free from reducibllity, so that it 
can be freely used in a variety of compositions such as 
foods, cosmetics and pharmaceuticals which are sus- 
ceptible to reduction. 
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thareX'^TariSrtol:^^^^^^^^^^^ ^ ^-^"-^ P-Paration and uses 

kno ^Jr^r^Xd °' two g,ucopyranoside residues, has been we,, 

Press. USA. and^pp/J-^:,^™^^^^^^^ 

uted in microorganisms, mushrooms insects etc thouoh th™^;.? . \ 1 ^ '^^^^'Q^e is widely distrib- 
° including trehalose do not react withlubsSSe?con^ n^^^^^ " T^'^ "°"-^«ducing saccharides 

induce the amino<:arbony, rSon n^at r am^^^^ 

have been expected to be Ted w^liut Tea o7S^sT^^^^^^^^ '"'^^ "°--^^-cing saccharides 

of Which has been in great demand ^ "nsat.sf.able browning and deterioration, and the preparation 

^ No.MXs°:;rir:^^^^^^^ 

Laid-open No.216.695/83 whereh ma^srScoS^^ "^^P^"^^^ Patent 

lose-phospho^lases. The fo'rrTs, howevef no^^^^^^^^^^^ °' '-^a- 

content of trehalose present in rriicroorqanisms as « ^.vjfnn f '"'^"^^"^'-^^ale preparation of trehalose because the 

%• will be abbreviated as "i" inTe presTnt sJcffiL! o^^ '"'^"^ "w/w 

' the extraction and purification steps aTcompSe?7e laSL^^^^^^^^^ "'^ ^'"^ ''^^'"^ 

via glucose-1 -phosphate the concentrl^n ^i^lT^' L following demerits: (i) Since trehalose is formed 

(ii) Since the enzymaS^actirs;^^^^^^^^^^ ''^ ^° ^ relatively-high concentration; 

that an enzymatic preparation oTeh^sTro^TJ^ J '^'^Sn'zed to be scientifically almost impossible.' so 

It is known that partial sSrch SrsatS^^^^^ ""^'^ ^° scientifically difficult, 

and maltooligosaccharides usu J^^Z^Tre^ZTe^^^^^^ " rnaterjl such as liquefied starch, cyclodextrins 

referred to as "reducing partial starch hX^smJs" in^£ n^l^^^ ^^^^^ P^^*^' ^'^^^'^ hydrolysates are 

partial starch hydro^sates is genS eSlfd bv dlx^^^^^^ ""^^ '^^"'^'"S °' ^"'^^ ^^^^^'"^^ 

If is known that among reducL hv^^^ ^ f "^'^ °" '^^''^ w^'S^ts 

atively-low molecular weight rnd vSift^^nd /lTfl J^^ ''''' ^ relatively-high DE value generally have a rel- 
group-containlng substaTes such aTa2^^^^^ sweetness and reactivity, and readily reac!. with amino 

isfactory browning and smell, and trdeteiSatet eT^X '° ^"^^ 

and me'^latn:hrbS: r?^^^^^^^^^ '^'"'^^^^^^ ^^^'^^ '^^P-^'"^ - their DE values, 

been even belleved^hat ^^C:^:^^::;::^^:^ -^-^ ^'^--nt, important. It has 

No.3^°.=n;:"rrdrnt^ ^'-'-^^ — ~n 

halose structure as an end unit f rom on^nr mo™ ^ '^^ non-reducing saccharides having a tre- 

degree of 3 or more (throughou he p "^nrspTc^^^^^^ ^•"'J hydrolysates with a glucose polymerization 

ing enzyme"). By using the non-reduc nrslnhfr^f , ^""^ " "^^^'^"^'^ "non-reducing saccharide-fomn- 

specificaton. the enzyme is designated as "ireha^Trpl^- ^ '"^'"'^ ^" (throughout the present 

.n a re.a..e.y-high yi JId from reding pa L s^'S h^t^^^^^^ ' ' K °' 

saccharide-formlng enzyme and trehaLe-reta^ng enzj^t I was eveTledC inTn:' ''°'r" —^-"9 
compositions having a ir halose structure and a oiurr«o XT,!;. 1 revealed that in the preparations of saccharide 
saccharides such at trehalose. in^CtLinq LSLSh H ? °" ""^^'^^ °' ^ °^ ^"'^ °' non-reducing 
amylaceous saccharides such as Sise and ^^^^ hydrolysates still remain in the final products, and reducing 

these saccharide compositions wita reduced'e^^^r^^^^^ wS com^fn ^.^''T' " L° "'"'^^ ^^'^"'^"'^"'y °' 

eo reauciDiiity which contain the aforesaid non-reducing saccharides and 
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reducing saccharides. 

The present invention is to provide saccharides having a trehalose structure or non-reducing saccharides havinq a 
trehalose structure as an end unit (hereinafter designated as "a-glycosyltrehalose- in the present specification) non-re- 
ducing saccharides wherein one or more glucose residues bind to the two giucopyranoside residues of trehalose (here- 
inafter designated as "a-glycosyl a-glycoslde' in the present specification), and saccharides prepared by more reducing 
the reducibiiity of those with a relatively-low reducibility which contain reducing saccharides and non-reducing saccha- 
rides such as trehalose. The present invention is to also provide the preparation and uses of these 'saccharides 

To overcome those objects, the present inventors energetically studied on the hydrogenation mbthod for the afore- 
said saccharides with a low reducibility. 

As a result, they found that reducing amylaceous saccharides can be readily converted into their corresponding 
sugar alcohols by hydrogenating saccharide compositions with a reduced reducibility comprising the reducing amyla- 
ceous sacchandes and other non-reducing saccharides consisting of trehalose and/or saccharides having a trehalose 
stmcture without fear of the affection of the non-reducing saccharides, and that the reducibiiity of the saccharide com- 
positions as a material is lowered or even substantially diminished. 

The present Inventors studied oh the preparation of the materials usable in the present invention, i e saccharide 
compositions with a relatively-low reducibility which comprise reducing saccharides and non-reducing saccharides con- 
sisting of trehalose and/or saccharides having a trehalose structure, and have found that compositions which are ob- 
tainable by allowing a non-reducing saccharide-forming enzyme together with or without a trehalose-releasing enzyme 
to act on reducing partial starch hydrolysates with a glucose polymerization degree of 3 or more can be arbitrarily used 
More particularly, saccharide compositions with a low reducibility. which are obtainable by allowing starch debranching 
enzyme and/or cyclomaltodextrin glucanotransferase to act on liquefied starch solutions when a non^reducing saccha- 
ride-fomning enzyme Is allowed to act on the solutions together with or without a trehalose-releasing enzyme are sat- 
isfactorily used. Furthermore, the present Inventors found that saccharide compositions with a low reducibility, which 
are obtainable by allowing a maltose-trehalose converting enzyme to act on amylaceous substances, as disclosed in 
Japanese Patent Application No. 144.092/94, titled 'Maltose-trehalose converting enzyme, and preparation and uses 
thereof, applied for by the present applicant on the day of June 3, 1 994. can be ariDitrarily used In the present invention 
Thus, they accomplished this invention and revealed that, in the process for preparing such saccharide compositions 
with a reduced reducibility wherein a non-reducing saccharide-forming enzyme Is allowed to act on amylaceous solutions 
I ■ ^ ^' ^accharidecompositlons with a low reducibility, which contain non-reducing saccharides obtain- 

able by allowing a starch debranching enzyme and/or cyclomaltodextrin glucanotransferase to act on the amylaceous 
solutions, can be suitably used as a material saccharide in the present invention because they have an extremely reduced 
rnolecular weight and viscosity and a satisfactory handleability without substantial increment of their initial reducibility 
than those prepared by the sole use of the non-reducing saccharide-forming enzyme. They also found that the trehalose 
content in the saccharide compositions with a relatively-low reducibility increases when glucoamylase acts on them In 
addition, they found that, in the process for preparing trehalose by allowing a non-reducing saccharide-forming enzyme 
and a trehalose-releasing enzyme to act on liquefied starch solutions with a relatively-low DE, preferably those with a 
DE less than 1 5. trehalose which is obtainable by using a starch debranching enzyme and/or cyclomaltodextrin glucan- 
otransferase can be suitably used as a material in the present invention because such trehalose Is obtained in a rela- 
tiyely-high yield as compared with that obtained by the sole use of the non-reducing saccharide-forming enzyme Fur- 
thermore. It was found that saccharide compositions of trehalose and maltose, w^hich are obtainable by allowing a mal- 
tose-trehalose converting enzyme to act on maltose, can be arbitrarily used in the present invention. The resultant 
saccharide compositions with a low reducibility and rich in non-reducing saccharides consisting of trehalose and/or 
saccharides having a trehalose structure can be readily hydrogenated. These saccharide compositions are substantially 
free of reducibility or they have a dextrose equivalent (DE) value less than 1 , and have a satisfactory stability, handleability 
and wide applicability. Thus, they can be arbitrarily used in a variety of compositions such as foods, cosmetics and 
pharmaceuticals. 

The invention will now be illustrated, by way of example only, with reference to the drawings in which - 

FIG 1 shows the influence of temperature on the activity of a non-reducing saccharide-forming enzyme derived 

FIG 2 shows the influence of pH on the activity of a non-reducing saccharide-forming enzyme derived from Rhizo- 
oium sp. M-11 . 



FIG. 3 shows the thermal stability of a non-reducng saccharide-form.ng enzyme derived from Rhizobium sp IW-11 
FIG. 4 shows the pH stability of a non-reducing sacchande-forming enzyme derived from Rhizobium sp 
, 'nfluence of temperature on the activity of a non-reducing saccharide-forming enzyme derived 

^ iTom Arthrobactersp. Q36. 

FIG. 6 shows the influence of pH on the activity of a non-reducing saccharide-forming enzyme derived from Arthro- 

oacter sp. Q36. 

FIG. 7 shows the thermal stability of a non-reducing saccharide-fornning enzyme derived from Arlhrobactersp. Q36. 
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FIG. 8 shows the pH stability of a non-reducing saccharide-forming enzyme d rived from Arthrobacter sp Q36 
F\G. 9 shows the elution patterns of a trehalose-releasing enzyme and a non-reducing saccharide-forming enzym 

usable In the present Invention on column chromatography using "TOYOPEARL". 

FIG. 10 shows th influence of temperature on a trehalose-releasing enzyme derived from Rhizobium sp M-11 
FIG. 1 1 shows the influence of pH on a non-reducing saccharide-forming enzyme derived from Rhizobiumsp M-11 
FIG. 1 2 shows the influence of temperature on th stability df a trehalose-releasing enzyme derived from Rhizobium 

sp. M-11. 

FIG. 1 3 shows the Influence of pH on the stability of a trehalose-releasing enzyme derived from Rhizobium sp M-11 
FIG. 1 4 shows the influence of temperature on the activity of a trehalose-releasing enzyme derived from Arthro- 

oactQr Sp. Q36. 

FIG. 1 5 shows the influence of pH on the activity of a trehalose-releasing enzyme derived from Arthrobactersp Q36 
FIG. 16 shows the influence of temperature on the activity bf a trehalose-releasing enzyme derived from Arthro- 
bactar sp. Q36. 

FIG. 1 7 shows the influence of pH on the activity of a trehalose-releasing enzyme derived from Arthrobactersp. Q36. 
Detailed Description of the Invention 

The non-reducing saccharide-fomriing enzymes usable in the present invention Include those which can form a-gly- 
cosyltrehalose from one or more reducing amylaceous partial starch hydrolysates selected from those with a glucose 
polymerization degree of 3 or more which are contained in liquefied starch solutions with a relatively-low DE Examples 
of such enzymes are those derived from microorganisms of the genera Rhizobium, Arthrobacter. Brevibacterium 
Flavobacterium. H/},crococcus. Curtobacterium. Mycobacterium and Terrabacter as disclosed in Japanese Patent 
Application No.349,216/93. If necessary, thermostable non-reducing saccharide-forming enzymes can be arbitrarily 
used in the present invention. For example, a thermostable non-reducing saccharide-forming enzyme derived from a 
microorganism of the genus Sulfolobus as disclosed in Japanese Patent Application No.166,011/94 titled 'Thermosta- 
ble norr-reducmg saccharide-forming enzyme, and its preparation and uses', applied tor by the present applicant on 
he day of June 24. 1994. can be arbitrarily used. Any enzyme, which specifically hydrolyzes the linkage between a 
trehalose moiety and others in a-glycosyltrehalose formed by allowing a non-reducing saccharide-forming enzyme to 
act on a liquef ed starch solution, can be used as a trehalose-releasing enzyme in the present invention: For example 
those derived from microorganisms of the genera Rhizobium. Arthrobacter. Brevibacterium an6. Micrococcus as dis- 
closed in Japanese Patent Application No.79.291/94 can be arbitrarily used. If necessary, thermostable trehalose-re- 
leasing enzymes such as that derived from a microorganism of the genus Sulfolobus as disclosed In Japanese Patent 
Application No. 166. 126/94. applied for by the present applicant on the day of June 25. 1994, can be arbitrarily used in 
the present invention. 

Any enzyme can be arbitrarily used In the present invention as a maltose-trehalose converting enzyme as long as 
It forms trehalose: Examples of such an enzyme are those derived from microorganisms of the genera Pimerobacter. 
Pseudomonas and Thermus as disclosed In Japanese Patent Application No. 144,092/94. titled 'Maltose-trehalose 
TJZ^T^ ^"^/'"e, and preparation and uses thereor. applied for by the present applicant on the day of June 3 
1994. The methods used for preparing the non-reducing saccharide-forming enzymes, trehalose-releasing enzymes" 
and rrialtose-trehalose converting enzymes in the present invention are those which comprise culturing microorganisms 
capable of forming such enzymes in nutrient culture media, and collecting the formed enzymes 

Any nutrient culture medium can be used in the invention as long as those microorganisms can grow therein and 
tomi the aforesaid enzymes; For example, synthetic- and natural-nutrient culture media can be used as a nutrient culture 
rnedium. Any cartjon-containing substance can be used in the invention as a carbon source as long as it is utilized by 
the microorganisms: For example, saccharides such as glucose, fructose, lactose, sucrose, mannitol. sorbitol, molasses 
and reducing partial starch hydrolysates: and organic acids such as citric acid, succinic acid, and their salts can be used 
in the invention. The concentration of these carbon sources in nutrient culture media is appropriately chosen In the 
case of using reducing partial starch hydrolysates, it is usually 20% or lower, more particularly. 5% or lower d s b in 
view of the growth of microorganisms The nitrogen sources usable in the invention are. for example, inorganic nitrogen 
compounds such as ammonium salts and nitrates: and organic nitrogen-containing substances such as urea com steep 
liquor, casein, peptone, yeast extract and beef extract. The inorganic ingredients usable in the invention are. for example 
calcium satts^ magnesium salts, potassium salts, sodium salts, phosphates and other sails of manganese, zinc iron 
copper, molybdenum and cobalt. If necessary, amino acids and vitamins can be arbitrarily used in combination 

The microorganisms used in the present invention are cultured under aerobic conditions at a temperature usually 
in the range of 4-40-C preferably in the range of 20-37'>C: and at a pH in the range of 4-10. preferably in the range of 
5-9. in the cas of culturing such microorganisms which form thermostable enzymes, the cultivation temperature is 
usually set to a temperature in the range of 40-90° C. preferably. 50-80'C, and the cultivation pH is set to a pH in the 
range of 2-10, preferably, in the range of 3-9. The cultivation time used in the inv ntion is set to a time longer than thai 
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S!nf.^^ H microorganisms, pr ferabiy, 10-100 hours. The concentration of dissolved oxygen (DO) in nu- 

ZVf h /"«f =P«^'«^ally restricted to. and usually it is set to a level in the range of 0.5-1? ppm The DO 
Zn^rTJnn T " ^''^""^^ aeration-conditions with or without oxygen^d/o^ 

V °I °f microorganisms, the objective enzymes are recovered. Inasmuch as th enzyme 

■ cu rc?n h H T supernatant, they can be used as a crude enzyme. Of cou^e the rSact 

rTZT P ! crude enzyme. Conventional liquid-solid separation methods can be used to remove cells from 

TrLoa f ?.r?' T^"""" ■ T""^! ^'^'^"^ centrifuging the culture, as well as those for filtrating the cuitu e S 
10 Zl^Trt n '°;^^P^^^*'"9 '^^"^ °" ^^n^brane filtration with plain filters or follow fibers, can be suitably used Th 
10 resultant cell-free filtrates can be used intact as an enzyme solution or may be concentrated prior to use The^ncen- 

IStonlTnd^' rf r '"T' ^''^'"P'^- =^'""9 '^='""9 -'fate, sedrenlaUorusfng 

acetone and/or alcohol, and concentration using membranes such as plain filters and follow fibera 

such m!",hnH ci''^*^' 'r^'" immobilized by conventional immobilization methods. Examples of 

IS l^ZTTT T ''°"'"9f ''"^ "='"9 exchangers, covalent bondings and absorptions using resins or mem 

« branes. and inclusion methods using high-molecular weight substances. Cells separated from the culture can be^sTd 
as a crude enzyme without any further treatment, or they may be immobilized prior to use. For examp e such ce'ls are 
ZJJnizrthe dro'ne'"^ T 'T"" '''^^'"^ resuftant mixture in calcium XirsoLtii^^^^^ 

oluta Te^vL P^^^^^ T f'r 'T" '^^^ ''^ "'^^'^ ''^ '^^^''"9 ^^^"^ polyethylene imine o° 
glutaraldehyde. Enzyme extracts from cells can be used in the invention as a crude enzyme solution For example clear 

r^ethod. mechanical disruption method using glass beads or alumina, or f rench-press disruption method- and sub ec inq 
the resultant extracts to centrifugation or membrane filtration. -emoa. ana suojeciing 

The crude enzyme solutions thus obtained can be used intact or after purification by conventional methods For 
example, purified enzyme preparations which exhibit a single band on electrophoresis L be pre^l by d^fyzhg 

thfresu'ltl';!^;^: t'^ '"""^ ""^'"^ ^'■''^ -"ate and concentSng 

us^p ^SxE TO^^^^^^ ^'"'^'"^ °" anion-exchange column chromatography 

PEARlS,^ » h ! ■ ^" ^"'°"-«'^'=f^3"9« hydrophobic column chromatography using "BUTYL TOYO 

BnTl^,rH\T ^^T Tt"= Ti^^' '^h^'^^tog^aphy using "TOYOPE ARL® HW-55- a resin for gel filtratbn 

all of which are products of Tosoh Corporation. Tokyo, Japan 'm>ciuon. 

^0 The non-reducing saccharide-forming enzymes thus obtained have the following physicochemical properties: 

(1) Action 

Forming a-glycosyltrehalose when allowed to act on one or more reducing partial starch hydrolysates havlna 
a glucose polymerization degree of 3 or more* nyoroiysaies naving 

35 

(2) Molecular weight 

About 76.000-87.000 daltons on sodium dodecylsulfate-polyacrylamidegel electrophoresis (SDS-PAGE); 

(3) Isoelectric point (pi) 

About 3.6-4.6 on isoelectrophoresis using ampholyte; 

(4) Optimum temperature 

About 35-40" C when incubated at pH 7.0 for 60 min; 

^ (5) Optimum pH 

About 6.4-7.2 when incubated at 40''C for 60 min; 

(6) Thermal stability 

^ Stable up to a temperature of about 35-4000 when incubated at pH 7.0 for 60 min: and 

(7) pH Stability 

Stable at a pH in the range of about 5.5-11 .0 when incubated at 25»C for 16 hours. 



55 



is adSd ?o 4 ml o \ 7 ""'^'^'^"='^-f°^"^'"9 ^"^V'mes is assayed as follows: One ml of an enzyme solution 

at 40^C for 60 mL tLT ^0 mM phosphat buffer (pH 7.0). and the mixture solution is incubated 

rl;?- f "°" """"'"'^ ^^^'^^ ^' 10 f"'" t° suspend the enzymatic reaction and the 

the JZn;;.' " ""'Tt' "'"'"'k'^ ^° determining thrrSng "^we of 

the diluted solution on the Somogyi-Nelson's method. As a control, an enzyme solutL. which had been heated S^IOO^C 
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for 10 min to inactivate the enzyme, is treated sImilarV as above. One unit activity of the present enzyme is defined as 

TZrlhlirT "'"""^ °' ''''' °' °- °' maltopentaose pJr mt^ute 

proplrtfe? ^^""^ P^"^^"* '°"°wing physicochemicai 

(1) Action 

Specifically hydrolyzing the linkage between a trehalose moiety and other glycosyl moiety; 

(2) Molecular weight 

About 57.000-68.000 daltons on sodium dodecylsulfate-polyacrylamidegelelectrophoresis (SDS-PAGE); 

(3) Isoelectric point (pi) 

. About 3.3-4.6 on isoelectrcphoresis using ampholyte; 

(4) Optimum temperature 

About 35-45''C wrtien incubated at pH 7;0 for 30 min; 

(5) Optimum pH 

About 6.0-7.5 when incubated at 40"C for 30 min; 

(6) Thermal stability 

Stable up to a temperature of about 35-45°C when incubated at pH 7.0 for 60 min; and 

(7) pH Stability 

Stable at a pH in the range of about 5.0-10.0 when incubated at 25'C for 16 hours. 

thl lwnt , t- ""^""^^ty a-maltotetraosyl a-D-glucoside in 50 ml^ phosphate buffer (pH 7 0) and 

Som^l? ! ? T " ^ ^° "^'^^'^ ^ddeS a copper solution forl^e 

f^TZ .K Tr ""'^""^"^ detemiination of the reducing power on me Som 

ogy,-Nelson"s method. As a control, an enzyme solution, which was preheated at lOO'C for 10 min to inact^^ate the 

tnr^t l^'^r' '"""^'^ ^'^^'^"y °' define'^ as the ^L7o en^^e L^^^^^^ 

Themal^^^^^^^^^ 

ertiel ^"^'^^^ "^^ble in the present invention have the following physicochemicai prop- 

(1 ) Action 

Converting maltose into trehalose, and vice versa: 

(2) Molecular weight 

About 57.000-120.000 daltons on sodium dodecylsulfate-polyacrylamidegelelectrophoresis (SDS-PAGE): 

(3) Isoelectric point (pi) 

About 3.8-5.1 on isoelectrophoresis using ampholyte; 

(4) Inhibition 

Being inhibited by 1 mM Cu-. 1 mM Hg- and 50 mM Tris-HCI buffer: and 

(5) Origin 

Microorganism origin. 

fncubati a, 2?C o^^^^^^ TTV^ a substrate in 10 mM phosphate buffer (pH 7.0). and the m.xLre solution .s 
Tn^^^rT 1 . followed by healing the solution at lOO-C tor 10 m.n to suspend the enzymatic reaction 

mVt, '^^H °" """'''''^ " ^""'^ ^"'^ 50 mM phosphate buffer (pH 7 5) and 0 4 ml o the 

fn utted ^45-0^^ 1' U d r ^ ^"'^'"'"^ '-halaseThe rLu",an. s^ .Si 

rontr^i K . u ■ • ""^^"^ "y detemiining the amount ol glucose by the glucose-oxidase method As a 

control, by using trehalase and an enzyme solution, which were preheated at 1 0O'cL 1 0 mInTolnacSvate ^e XmL 
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Tb ZZ^^ u^hI^ J" ^"""^"^ ^'^'^ ^^"""^ ^^^^V' ^^'^ °« trehalose, formed by 

IcLroMhl •'T?''':!^ '^^^^""'"^^ ''^^^d on the amount of the formed glucose, and one unX 

activrly of the enzyme IS deftned as the amount of enzyme which forms one Hmole of trehalose per minute 

The starch debranching enzymes usable in the present Invention include those which act on liquefied starch solu 
^ rela ,yely-low DE. preferably, lower than DE 1 5. and hydrolyze the debranching points of srcrFo^eSmp ^ 
wel known puHulanase and isoamylase. as well as commercially available enzyme preparations the eof can be a^b^ 
t^nly used ,n the present invention. The cyclomaltodextrin glucanotransferase usable in the present hventbn includes 
hose wh,ch act on liquefied starch solutions with a relatively-low DE. preferably, lower than DE 15 rnd JSL er amv 

10 amples of such enzymes arbrtrar.ly used in the present Invention are those derived from knowi microorganisms of fhe 
genera ^aflus and Klsbsislla, as well as commercially available enzyme preparations thereof 

n addition to the starch debranching enzymes and/or cyclomaltodextrin glucanotransferases. other amylases pref- 
olucoL r "^"^^^ with a relatK^ely-low DE to form mainly oligosaccharides having L 

IB iZ l^^T 'T' ''^^^""^^"•y P^e^-nt invention. Examples of such amylase^ 

hL^f T • '"^"°^"°^^-'°"^'"9 ^"^y'"^. maltotetraose-forming enzyme. maltopentaose-forW.ing enzyme rZo- 
hexaose-fomiing enzyme and maltoheptaose-forming enzyme "^yfriB. mano 

wheat''st«Jh'"lnHf the present invention includes seeds and swollen stems such as com starch, rice starch and 
Wheat starch and roots such as potato starch, sweet potato starch and tapioca starch. To liquefy the starch it is sus 

pTnabirto " sln^^^^ r " ^"■•"'"^ '° ' relaiK^ely-low leve' 

K I It • "^'^ preferably, to a DE less than 10. In the case of liquefying starch with acids it is 

o^scriber^^^^^^^^ ^"'^ and/or oxalic acid, and the resultant liquefL starch is adjusted to a 

starch S Tn^Z7 "^"^"^"^ ""'^^ ^"'^^^^ P"°r '° 'n o liquefy^g 

starch wrth enzymes, a-amylases. particularly, thermostable liquefying a-amylases are satisfactorily used 

en Jm« 3!h' ''^ """j^*^^ '° ^'^"o" °' ^ non-reducing saccharide-fomiing 

rnrredSltn ' h f '^.^"^^"'^^'"9 enzyme and/or a cyclomaltodextrin glucanotransferase. or to the acti^ of 
zvm^ an^or a'^Tc^m^^^^^^^^^ ""'"'"^ ^"'^ ^ trehalose-releasing enzyme together with a starch debranching en- 

^Zatrc rt^^tfo^t^^ H^^^^ glucanotransferase under the pH- and temperature-conditions which allow these en- 
30 f^ht^ of r^i^'^'^^fj ^'^'"P'^- ^ °* preferably, of 5-8. and a temperature of about lO-BO'C pre"- 
reSiSedto for e ^"^'"^^ '° ^^^^^ '° ^-^^ "'^-^-^ -'"t-ns is not specif 

s) s aSid to orTtSrr^ """'^ '""l"! ^""^^""^ "^^^ ^''^^^ '° «^^en the remaining enzyme 

(s) IS added to. or all the enzymes can be added to at the same time 

timeru.^T"tl!' '° '^^'^ depending upon the enzymatic conditions and reaction 

35 rrmotf ^'t ^ ^'^ ° """=^9 ^"'^^'rate. d.s.b.. m liquefied starch solutions for the 

S!2rrT ■ . ; '*«'^^^"'=^'"9 «"zymes. and (iii) about 0.05-500 units/g substrate, d s b.Z cycloma 

ftodextrin glucanot ran sf erases. The resultant saccharide compositbns with a reduced reducibi lity which comS 

to thTacZ^ont^^^^^^^^^^ ^"^'^'^^^"^ -''i-'-S 'iP-fL:rar?h sZo 

to the action of starch debranching enzymes and/or cyclomaltodextrin glucanotransferases and non-reducinq saccha- 

TJTT':T"" °^ trehalose-releasing enzymes so that the saccharide cXo^rtfoS hte 

SsvTtS^e InX r '"'r'""? °^ considerably-large amounts of relatively-low molecu7arweight a ^y 
cosyltrehalose and/or a-glycosyl a-glycoside. and that they can be arbitrarily used as a material saccharide composi1k>n 
with a reduced reduc.bility in the present invention. The a-glycosyl a-glycoside is a name gK^en to a comiu^ScS as 
« P^s'^lt'SS - ^--ed in Japanese Patent Application N0.I4.377/94 applSd for by .h 

The reaction mixtures obtained by the aforesaid enzymatic reactions are in usual manner filtered and centrifuoed 

^3::^^^^ T""^ ^'^"^^'^^ ^esa^d^nd punZ S 

S^uctsTf ne^J^r ,h" ^ ^ ^""^ concentrated into syrupy products which may be further dned into powdery 

« "aX such as3exchLnVrr h"'' °^ f ractiona.^n methods of column chrS^.og^ 

Sparat"on meth^^^^^^^^^^ "'"'^ chromatography, column chromatography using activated charcoals or silica gels: 

separation methods using organic solvents such as alcohols or acetone: and membrane separations using membranes 

reducTdT/HT*? ' ^T^^'""' compositions used in the present invenJon havmg a 

reduced reducbi lily and an increased content of non-reducing saccharides, are readily prepared 

!5 .H.o!l! '"^"t'^ '^"'^ preparations lor such preparations used in the present invention include ion-exchange column 

Te e p1i':rS fd O^rN^^^^ ^•^^"^■^'^'^ -^=^-9- -sms as disclosed in JaTa 

nese f=atent Laid-Open Nos. 23.799/83 and 72,598/83 can be arbitrarily us d to remov concomitant saccharides to 
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If necessary, the resultant saccharide compositions with a reduced reducibllity. which contain non-reducing saccha- 
rides having a trehalose structure, can be further processed into the material saccharide composition with a reduced 
reducibility used in the present Invention by hydrolyzing them with amylases such as a-amylase, p-amylase, glucoamy- 
lase or a-glucosidase to control their sweetness and/or lower their viscosity. 

The saccharide compositions thus obtained can be arbitrarily used as a material saccharide composition in the 
present invention. For example, those rich in non-r ducing saccharides consisting of trehalose and saccharides having 
a trehalose structure, i.e. those which contain 20% or more, preferably. 40% or more, more preferably, 60% or more of 
trehalose, d.s.b.. and have a relatively-low DE. usually, a DE less than 70, preferably, a DE less than 50. more preferably, 
a DE less than 30. are satisfactorily used. Varying dependently on their compositions, the materia! saccharide compo- 
sitions used in the present invention have features that they have a relatively-low DE regardless of their large amount 
of non-reducing saccharides, relatively-low molecular weight substances to be tasted, and relatively-low viscosity, and 
that they facilitate the hydrogenation and the subsequent processes such as purification and concentration wherein the 
amount of hydrogen which is required for the hydrogenation is reduced by a large margin. 

Any method for hydrogenating the resultant saccharide compositions with a reduced reducibility. which comprise 
reducing saccharides and non-reducing saccharides consisting of trehalose and/or saccharides having a trehalose struc- 
ture, can be used in the present invention as long as It does not decompose the non-reducing saccharides but hydro- 
genates saccharides into sugar alcohols. For example, the material saccharide compositions are prepared into 30-70% 
aqueous solutions, transferred to an autoclave, mixed with about 8-10% Raney nickel as a catalyst, and heated up to 
a temperature of 90-1 SO^C under stirring conditions to temninate the hydrogenation or. preferably, to partially hydrogenate 
the contents until they show a DE less than 0.5, followed by removing the Raney nickel. The resultant mixtures were 
decolored with an activated charcoal in usual manner, desalted with an ion-exchange resin, and concentrated into syrupy 
products. If necessary, the sympy products are arbitrarily dried into powdery products, or crystallized into crystalline 
powders containing trehalose crystal. The resultant saccharide compositions with a reduced reducibility contain non-re- 
ducing saccharides, which consist of trehalose and/or non-reducing saccharides having a trehalose structure, such as 
a-glycosyltrehalose and a-glycosyl a-glycoside, and one or more sugar alcohols such as sorbitol, maltrtol, maltotriitol. 
maltotetraiol and maltopentaitol. 

The saccharide compositions with a reduced reducibility according to the present invention have an extremely re- 
duced reducibility and a satisfactory stability, and can be freely mixed and processed with amino acid-containing sub- 
stances such as amino acids, oligopeptides and proteins without substantial fear of causing unsatisfactory browning 
and disagreeable smell, and of deteriorating the inherent properties of the material substances. In spite of their relative- 
ly-low reducibility. the saccharide compositions have a relatively- low viscosity, and those with a considerably-low glucose 
polymerization degree have a satisfactorily-high quality and sweetness. 

The saccharide compositions according to the present inventions form relatively-low molecular weight non-reducing 
oligosaccharides and maltooligosaccharides when hydrolyzed with amylases such as a-amylase derived from pancreas. 
The oligosaccharides are readily hydrolyzed with a-glucosidase and enzymes in small intestines into glucose and tre- 
halose which is then readily hydrolyzed with trehalase Into glucose molecules. Thus, the present saccharide composi- 
tions are readily assimilated, absorbed and utilized by living bodies when orally administered. Furthermore, they are not 
substantially fermented by dental carries-inducing microorganisms, and this renders them useful as a dental carries-pre- 
venting sweetener. 

With their satisfactory stability, the saccharide compositions rich in a crystal form can be arbitrarily used by process- 
ing them with binders such as pullulan, hydroxy ethyl starch and/or polyvinylpyrrolidone into sugar coated agents in a 
tablet form. They also have features of osmosis-controlling activity, filler-imparting ability, gloss-imparting activity, mois- 
ture-retaining activity, viscosity-imparting activity, crystallization-preventing activity for other sweeteners, substantial 
non-fermentability. and retrogradation-preventing activity for gelatinized starch. 

The present saccharide compositions can be arbitrarily used as a sweetener, taste -imp roving agent, quality-improv- 
ing agent, stabilizer, excipient. filler and diluent in a variety of compositions such as food products, tobaccos, cigarettes, 
feeds, pet foods, cosmetics and pharmaceuticals. 

The present saccharide compositions can be used intact as a seasoning for sweetening. If necessary, they can be 
used together with adequate amounts of one or more other sweeteners, for example, a powdered syrup, glucose, mal- 
tose, sucrose, isomenzed sugar, honey, maple sugar isomattooligosaccharide. galaclooligosaccharide. f ructooligosac- 
chande. lactosucrose. sorbitol, maftitol. lactitol. dihydrocharcone. sievioside. a-glycosyl stevioside. rebaudioside. gly- 
cyrrhizin, L-aspartyl L-phenylalanrne methyl ester, saccharin, glycine and alanine: and/or a filler such as dextnn starch 
and lactose. 

The present sacchande compositions, particulariy those nch in a crystal form, can be used intact, or. if necessary 
they can be mixed with an excipient, fill r. diluent and binder and lormed into granules, spheres, shot-rods, plates, cubes 
and tablets, prior to use. 

The present saccharide compositions have th following features: (i) They have a sweetness which well harmoniz s 
with other materials with soumess. acidity, saltiness, bitterness, astringency and deliciousness: and (ii) they are highly 
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=00 H^^^^r.°'^'^"''^-.'^"^' "^^^ P^^^"'^^^ 9«"s^al as a sweeten r. taste-improvinq 

agent and quality-improving agent. improving 

H«ri1™?l!f ^"^ f'^.'^^f compositions can be used in seasonings such as amino acids, peptides, soy sauce, pow- 

funkake (a seasoned fish meal), mayonnaise, dressing, vinegar. -san6a/-2«y- (a sauce of sugar, soy sauce and vinegar 
funmate£.-sus/„-su- (powdered vinegar for sushi), 'chuka-no-moto' (an instant mix for Chinese dish). -tsnJsuy fL 

-r"'" T"":'^' '"^ Japanese vermicelli), sauce, catsup. 'yaL 

ra^iug^^LTco^e^e sTga^r ""'^ <^ ^"^^^ ^^"^^^"'^ -'^'")- 

"senSVr r.rrir.lor^^"'^" compositions can be freely used for sweetening 'wagashf (Japanese cakes) such as 
'^TZ f V, r K ' ^^'■^"""''^^ ••"'«-*=^ke cube), -okoshr (a millet-and-rice cake), -moc/,/" (a rice paste) 
manju (a bun with a bean-jam), 'uiro- (a sweet rice jelly), "an" (a bean jam), 'yokan' (a sweet jelly o beans) 'mi- 
xoZTlnt T "'.^"'^'■'^"r 't')- "^'"d °* y°kan), jelly, pao de Castella and 'amLla' (a Japane^l 

wrrp\nnnn T" H '"^ l""" P'"' P"^^'"^- ''""^^ ^^^^^^ Cream. Cream puff 

'^•^««""3 gum. caramel and candy; frozen desserts such as ice cream and 
sherbet, syrups such as 'kajitsu-no-syrup-zuke' (a presented fruit) and 'korimitsW (a sugar syrup for shaved ice) 
pastes such as flour paste, peanut paste, fruit paste and spread; processed fruits and vegetables such as jlm. ma ml 

and rakkyo-zuke' (pickled shallots); premixes for pickles and pickled products such as 'takuan-zuke-no Zlo- ta 
premix for pickled radish) and -hakusai-zuk^-no-motC (a premix for fresh white rape pickles); meat produc^s^uch is 
r«TnH f'f^r^^'; ^! °' ^'"'^ ""'^'^ ^^"^^ «^"=^9«. "/camatoto" (a steamed fish paste), 'chikuwa- 

dSd il.'^ f "n'r^" (salted guts of squid), 'su-konbu' (processed tangle). -sa/t/-s.rume" 

S II ^ K and "/i.^u-no-m,nr,-/,os/,/" (a dried mirin-seasoned swelffish); 'tsukudanr (foods boiled down in soy 
sauce such as those of laver. edible wild plants, dried squid, fish and shellfish; daily dishes such as 'nimamB^cZ^d 
oroTi'sTch^'^^^^^ and "/con|,™/c/" (a tangle roll); milk products such as yoghurt and cheese; canned anJb^t S 
products such as those of meat, fish meat, fruit and vegetable; alcoholic beverages such as sake, synthetic sake wine 

colinrno IT? "HT '''' ''-^^S^- milk beverage ^.rbeverge 

bSt foodsl^ZTw adzuki-bean soup with rice cake) and instant soup mix; and beverages such as 

baby foods foods for therapy, beverages supplemented with nutrition, peptide foods and frozen foods- as well as for 
improving the tastes and qualities of the aforementioned food-products 

^ „„,,,T|;^Pr!^?"J^^'^''r''^'=°'"P°="^^^^ 

swiLr^t ' ' ^"^ *° ^'^'^ '^^'^ preferences, and further can be arbitrarily used as a 

«n .ohT. '^^*^-'"^P;°^'"9 agent, quality-improving agent and stabilizer in other products In a paste or liquid form such 

^raJT.^Z ""TT- "P -"^d'^'n^- 'ablet, troche. Jod liver oi?in the form of 

drop, cachou. oral refngerant. gargle, cosmetic and pharmaceutical 

^ ...h Jrn.« "'"''^"''^ compositions can be used as a quality-improving agent and stabilizer in biologically active 

substances which are susceptible to lose their effective ingredients and activities, as well as in health foods arid ohar 

IIT rT"^. ^''""P'^^ °' ^"^^ substances aXiphokine^^ 

such as a-, p- and y-interferons (IFNs). tumor necrosis factor-a (TNF-a). tumor necrosis factor-p (TNF-P) rTiacrophaae 

« 3onT TTT -'°"y-''"^"'ating factor, transfer factor and interleukin 2; hormones sLrasinsuTn gro^'h 

an«r«n;rf n ■ "^.^^°P°'^"" 'ollicle-slimulating hormone: biological preparations such as BCG vaccineTp- 
aneseencephalitis vaccine, measles vaccine, livepoliovaccine.smallpox vaccine, tetanus toxoid Trimeresurusant'ito^^^ 
and ^Tn." -ch as penicillin, erythromycin, chloramphenicol. tlc'l^T s repl^^^^^^ 

so ^uaasl^^^^^ ^'^^'"^^ P^°'^^-- P--V<ase. isoamylase. glucanase and lactase 

™1 r ^ ''^ snapping turtle extract, chlorella extract, aloe extract and propolis extract' viable mi- 

rr Bv usno "e oresr"" T'^r, '^^^'^ — substances such ^^a oya, 

1 heLlh fc^s «nH nh« "^'^^'^^"^f compositions, the aforesaid biologically actrve substances are arbitrarily fomied 

« As is described above, the methods to incorporate the present saccharide compositions into the aforesaid comoo 

scions include conv n.ional ones,, tor example, mixing, kneading, dissolving, m l.ing. soaking, peLISng^phZg 

invention are usually incorporated into the above-mentioned compositions in an amount of 0.1% or more pre^irably 
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one % or more, d.s.b. 

The following experiments explain the present invention in more detail. 

Firstly, non-reducing saccharide-forming enzymes derived from microorganisms of Rhizobium sp. M-11 and Ar- 
throbacter sp. Q36 are explained, and secondary, other such enzymes derived from known microorganisms are exr 
plained; 

Exp riment 1 

Production of non-reducing saccharide-forming enzyme by Rhizobium sp. 

A liquid nutrient culture medium, consisting of 2.0 w/v % maltose, 0.5 w/v % peptone. 0.1 w/v % yeast extract. 0.1 
w/v % disodium hydrogenphosphate. 0,1 w/v % potassium hydrogenphosphate and water, was adjusted to pH 7.0, and 
about 100 ml aliquots of which were placed in 500-m! Erlenmeyer flasks, autoclaved at 120"C for 20 minutes to effect 
sterilization, cooled, inoculated with a stock culture of Rhizobium sp. M-11 (PERM BP-4130). and incubated at 27*»C 
for 24 hours under stirring conditions of 1 30 rpm. The resultant cultures were pooled for a seed culture. 

About 20 L of a fresh preparation of the same nutrient culture medium used In the above culture was placed in a 
30-L femnenter. sterilized by heating, cooled to 30°C and inoculated with one wA^ % of the seed culture, followed by the 
incubation at 30°C and pH 6.0-8.0 for about 24 hours under stirring- and aerobic-conditions. The resultant culture had 
an enzyme activity of about 1.5 units/ml. A portion of the culture was centrifuged to separate into cells and a culture 
supematant, and the cells were suspended in 50 mM phosphate buffer (pH 7.0) to give the same volume of the portion. 
The enzyme activities of the cell suspension and the culture supernatant were assayed revealing that they were respec- 
tively about 0.6 units/ml and about 0.9 unlts/ml. 

Experiment 2 

Purification of enzyme 

An about 18 L of the culture obtained in Experiment 1 was treated to disrupt cells with "MINI-RABO", a supper 
high-pressure cell disrupter commercialized by Dainippon Phamnaceutical Co.. Ltd., Tokyo, Japan. The resultant sus- ' 
pension was centrifuged at 10,000 rpm for 30 min to obtain an about 16 L supernatant. Ammonium sulfate was added 
to and dissolved in the supematant to give a saturation degree of 0.2. and the resultant solution was allowed to stand 
at 4°C for one hour and centrifuged to obtain a supernatant. 

Ammonium sulfate was dissolved in the supernatant to give a saturation degree of 0.6. and the resultant solution 
was centrifuged to obtain a precipitate which was then dissolved in 10 mM phosphate buffer (pH 7.0). The resultant 
solution was dialyzed against a fresh preparation of the same phosphate buffer at 4»C for 24 hours, and centrifuged to 
remove insoluble substances. Three hundred and sixty ml of the resultant dialyzed solution was divided into 2 portions 
which were then separately subjected to column chromatography using a column packed with 300 ml of "DEAE-TOY- 
OPEARL®", an ion exchanger commercialized by Tosoh Corporation, Tokyo. Japan. 

The objective enzyme was adsorbed on the ion exchanger, and eluted therefrom with a fresh preparation of the 
same phosphate buffer supplemented with salt. The resultant fractions having the objective enzyme activity were pooled, 
and dialyzed against a fresh preparation of the same phosphate buffer supplemented with 2 M ammonium sulfate. The 
dialyzed solution thus obtained was centrifuged to remove insoluble substances, and the resultant supernatant was 
subjected to hydrophobic column chromatography using a column packed with 300 mi of "BUTYL-TOYOPE ARL® 650". 
a hydrophobic gel commercialized by Tosoh Corporation. Tokyo, Japan. The enzyme adsorbed on the gel was eluted 
from the column with a liner gradient buffer ranging from 2 M to O M. followed by recovering fractions with the enzyme 
activity. The resultant fractions were pooled and subjected to gel filtration chromatography using "TOYOPEARL® 
HW-55V a resin for gel chromatography commercialized by Tosoh Corporation. Tokyo. Japan, followed by recovering 
fractions with the enzyme activity. The enzyme activity, specific activity and yield in each purification step are in Table 1 
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Table 1 



Purification step 



Enzyme Specific Yield 

activity activity ( % ) 

(unit) (units/mg protein) 



Culture 



Supernatant after 
cell disruption 



26,800 



20,300 



0.10 



Dialyzed solution 

after salting out 16,100 o 32 

with ammonium sulfate 



Eluate from ion- 
exchange column 



11,300 



5.5 



100 



76 



60 



42 



( Continued ) 



Purification step 


Enzyme 

activity 

(unit) 


Specific 
activity 
(units/mg protein) 


Yield 
(*) 


Eluate from 
hydrophobic column 


5, 730 


98 


21 


Eluate from gel 
filtration column 


3,890 


f 195 


15 



Lsin^^X^^^Z^^Jr^ polyacrylam.de gel to show a single protein band, and this meant that the preparation 
was an eiectrophoretically homogeneous enzyme with a relatively-high purity. p h on 

Experiment 3 
Property of enzvme 

act^Th^sirs?;^^^^^^^^^^^ 

when incubated ai aHr n tlf ln ^2, ? ^ optimum temperature of the enzyme was about 40'C 

tblrmrsS^b «v n m« "^"^ '"^ 7 0 When incubated at 40-C for 60 min The 

er Tur s To S m cSThe'Sfe^lT^^^ " ''"^''^'^ """^^^ ^ ^' ^*"--> 

ih^ ^r.-,..rr.^ ^ ; ^ buffers, and assaying the remaining enzyme activity in each buffer The dH stabiinv of 

phosphate butters having different pHs a. 25-C ^o'lf h'^ ' 

ani pH stabiirw^e re'spectlel rPIG ""'""^ " ''"""^ ^"^^ °' ^^^^^^ 

stable at a pH of about 6 9 ' ^""^"^^ "'^"'^ "P '° ^ temperature of about 40'C and 
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Experiment 4 
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Preparati on of non-reducInQ saccharide 

^hT^T^ZI! " Expw™n, 2. and ,he „sul»„, ,„ix,u,. „,s suM^cL ,o an onzyn,aiio aT«^O^a 

The results are in Table 2. 



Table 2 



Substrate 




JEJ-urion time 
on HPLC (min) 


Percentage 
(%) 


Glucose 


Glucose 


33.4 


100.0 


Maltose 


Maltose 


28.5 


100.0 


Maltotriose 


P I 

Maltotriose 


23.3 
25.9 


35.0 
65.0 


Maltotetraose 


P II 

Maltotetraose 


21. 6 
24.1 


85.6 
14.4 


Maltopentaose 


P III 

Maltopentaose 


19.7, 
22.6 


92.7 
7.3 


Maltohexaose 


P IV 

Maltohexaose 


18.7 
21.4 


93.5 
6.5 


Maltoheptaose 


P V 

Maltoheptaose 


17.8 
21.0 


93.4 
6.7 



Note: In the Table, the symbols "P I" "p h" "p ttt" 

"P IV" and "P V" mean saccharid4s newly 'formed from 
the respective substrates of maltotrioJef iJTltotetraose 
maltopentaose, maltohexaose and maltoheptaose! ' 

revealed that the yields of P II P m pTvLh d v/ 1 i ! saccharides were not substantially detected. It was 

graphed S -^'"o 6^^^^^^^^^^^^^^ " '^"^ ^^^'^''^ saccharides were column chroma.o- 

by Co Orq^I.c Chem^^^^^^ .Tt°. ' ^ ^•^°"9-^^*«^ ^^^'i"" ^''c'^ange resin in NIa-form comrr,erc,al.zad 

hav^^g an°re?d,a^^^^^^^^^^^^ 2 0 cm ^nd airr. ""'t '^"^'"^ " steel colur^ns. 

v/v % reaction m vtMr« In.f u ^ ^"'^ were cascaded in series, led with a 5 

5?'C rndreHth 55°cS:^ f^r.^V'^ temperature was keep ng at 

containing grTorTore ofa nlTaccha^^S^ T. b "'"^"^ ° ' ' '° ^ ^'^'-P""^ ^^'^'^^^'^^ 

Of a novefsaccharide. Thi yirs of T. P ?m P | v a^^^^ !" ^''T ^ ^'^^-P-''^ P-P^^^'-" 

y US, 01 r I. r II. K III, p IV and P IV were respectively about 9%. 65%, 82%. 80% and 77%, 
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Table 3 



Saccharide preparation 


Purity (%) 


DE 


PI 


97.5 


0.63 


P II 


98.6 


0.35 


P III 


99.5 


0.10 


PIV 


98.4 


0.27 


P V 


98.4 


0.23 



Experiment 5 



Maillard reaction 
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A solution, containing one % glycine and 10% of a saccharide preparation PI P II P III P IV or P V in Pvno.ir., * 
4 and 50 mU phosphate buffer (pH 7 0) was keot at I00»r fr.r on lirT f 7 i [T'u Experiment 



Table 4 



Saccharide preparation 


Coloration degree (480nm) 


Judgement 


P 1 


0.027 


Present invention 


P II 


0.018 


Present invention 


P III 


0.012 


Present invention 


P IV 


0.016 


Present invention 


P V 


0.015 


Present invention 


Maltotriose 


0.623 


Control 


Maltotetraose 


0.475 


Control 


Maltopentaose 


0.369 


Control 


Maltohexaose 


0.318 


Control 


Maltoheptaose 


0.271 


Control 



P ^n'1> lT:pT::^t::T. l^t^ol'Jr ''^ "^^'^ '"^^^^^ non-redocing saccharides P ,. P ,,. 

Experiment 6 

Enzvmati c hydrolysis by plucoamy laQfi 

Fifty mg aliquots of non-reducing saccharide preparations P I. P „. P „,. r , v and P V in Experiment 4 were respec- 
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SSkoo jo to V fr"" T^'' '"""^ ^P"^ ^"'^"'^^ °' glucoamylase commercialized by 

tt^ oH , ^ L ■ ^° enzymatic hydrolysis at 40°C tor 6 hours. HPLC analysis only de^ 



Table 5 



Saccharide preparation 


Glucose (%) 


Trehalose (%) 


Molecular ratio (Glucose/Trehalose) 


PI 


36.2 


63.8 


1.07 


Pll 


52.0 


48.0 


2.06 


Pill 


61.4 


38.6 


3.02 


PIV 


68.3 


31.7 


4.09 


P V 


72.9 


27.1 


5.11 



As IS evident from the results in Table 5. it was revealed that (i) the non-reducing saccharide P I was hvdrolvzed 

^.ZfnnilTTT ^ 2 glucose molecules and one SSe 

molecule. (...) P III. hydrolyzed into 3 glucose molecules and one trehalose molecule; (iv) P IV. hydroVzed into 4 glucose 
molecules an^ one trehalose molecule; and (v) P V. hydrolyzed into 5 glucose molecules and one tLTse molecute 
h J o r 1 T'T' '"-'^f^anism of glucoamylase. it was revealed that these non-rercfnrsa^chtides 

a 1.4 linkage or a-1,6 linkage. The non-reducing saccharide P I is a non-reducing saccharide which has a alucose 
polymerization degree of 3 (DP 3) and consists of one glucose molecule bound to one trehalose r^otecule PM a non7e 
ducing saccharide which has DP 4 and consists of 2 glucose molecules bound to one trehal^e3rcull P 1 1 a non re 
ducing saccharide which has DP 5 and consists of 3 glucose molecules bound to one trehalose mo ecule ' P V a non re" 
ducing sacchande Which has DP 6 and consists of 4 glucose molecules bound to one treSfoTe mc^oute and^^^^^ 

revelS'S 'renT aZ'"' ^"7 ""S °' ' ''^"^ ^° °- trehalosl mclrec'e I wa^ 

revealed that, when p-amylase was act on these non-reducing saccharides similarly as in glucoamylase P I and P II 

one maltose molecule and one P II molecule, and 2 maltose molecules and one P I molecule 

oh«n^?, " "^^^ '^oicl'Jded that the enzymatic reaction mechanism of the present non-reducinq sac- 

r« «n inr"""f ^""T"" ^" '■"♦^«'"°'«="'arconversion reaction without changing the molecular weigNs S subst^a'es 
^^'^^"'a^^'^^nversion reaction without changing the glucose polymerLtion degrees oTrbs^at^ was 
also concluded that the non-reducing saccharides P I. P ||. P „,. p ,v and P V were respecttefy a g^cSrSaLTs 
Sr;« r TV^"^ '""^"^ ^'"'^'^^ ^^"^^ °^ "'^^e '"tegers; and The symSS- a ^^^^^ 

Jora^lSr^^^^^ a-ma«osyltreha,ose. a-maltotriosyltrehalose^ a-maltotetraLyltl'alote^rd 

Experiment 7 
Hydrolysis by enzymes 

soecI^^LTJi^fn?^ '"'"''^"''^ 

a^cS Xh are IZ ^ V" «P--«n ^-ived from rice or a ra. inteLlnal acetoneSer 

anlZZ Z^rT ^'^""^ "^""^""^^^ *^°^P^"y- "-o^is. USA, and each resultant hydrolysate was 

mcfl^l c H . . "''"position on HPLC. The enzymatic reactk^n with the «-amylase was as follows- offsoL S 

^nJ^^'TT T °' ^° "^"^ ''""^^ '^"^ '-^^ -^"'•a"' «°'"tion with one una o^e a ar^y^^^^^^ 

undenhe sLn^^^^^^ """""T ''''' "^^^ ^"^^^'^^^ ^^^'^'^^ '^^^ a-glucosidase was conducted 

under .he same conditions as .n the case of a-amylase except that 50 mM acetate buffer (pS 4 0) was used as a buHe; 

S ain d byThet::it oTd ""T '''' ' °' ^= ' """^^ "^-^^ sacchan^ comp" 

Diain a by the a amylase. a-glucos,dase and rat intestinal acetone powder are respectively in Tables 6, 7 and 8. 
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Table 6 



Saccharide 



P I 
P II 



Saccharide composition of hydrolysate 
by o-amylase 



P I 



97.3 
0 



P II 



0 

98.8 



G3 



2.3 
0.4 



G2 



0.4 
0.8 



Gi;. 



0 

o 



( Continued ) 



Saccharide 



Saccharide composition of hydrolysate 
by a-amylase '-■xys,aT;e 



P I 



P II 



G3 



G2 



Gl 



P 


III 


61.0 


4.8 


0 


33.0 


1.2 


- p 


IV 


47.2 


3.3 


40.4 


7.5 


1.6 


p 


V 


10.2 


44.9 


35.3 


8.6 


1.0 



Note: In the table, the symbols "G3" "G2" and "ri" 

mean maltotriose, maltose and glucose respectively. 



Table 7 



Saccharide 


Saccharide composition of hydrolysate by a-glucosidase 


Glucose (%) 


Trehalose (%) 


Other saccharides (%) 


PI 


36.5 


63.0 


0.5 


Pll 


52.1 


47.6 


0.3 


Pill 


61.7 


38.1 


0.2 


PIV 


69.5 


30.2 


0.3 


P V 


71.4 


28.3 


0.3 
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Table 8 



Saccharide 


Saccharide composition of 
by rat intestinal acetone 


hydrolysate 
powder 




Glucose 

(%) 


Trehalose Other saccharides 
(%) (%) 


P I 


37.2 


62.4 


0.4 


P II 


52.5 


47.1 


0.4 



(Continued) 



Saccharide 


Saccharide composition of 
by rat intestinal acetone 


hydrolysate 
powder 




Glucose 
(%) 


Trehalose Other saccharides 
(%) (%) 


P III 


62.0 


37.6 


0-4 


P IV 


68.8 


30. 8 


0-4 


P V 


73.4 


26.5 


0.1 



h H '^T'l'^T "^^""^ ®' " ""^^ revealed that the saccharide preparations P I and P li were not substantiallv 

hydrolyzed by the a-amylase. while the saccharide preparations P III. P IV and P V were hyd^^lyzeThJ thrc^amS 
into lower molecular we.ght oligosaccharides such as P I. P II. maltotriose. maltose and glucose 

As IS evident from the results in Tables 7 and 8, it was revealed that, similarly as in Experiment 6 wherein alucoamv- 
iZZr ■ ; "^"^T'^ preparations P I. P „. P |„. p , v and P V were hydrolyzed by'the «-gluco1^isL a^d the^a. 
intestinal acetone powder into glucose and trehalose. 

trphJ^rT^^'w ?^ hydrolysate obtained by the a-glucosidase or the rat intestinal acetone powder was added one unit 
HpS tvlLl fh^l flh , ? hours followed by analyzing the saccharide composition of the resultant mixture on 

bTtreVZe1nToX~ ''^^^^^"'^"^ "• ' "'■ ' ' ^^'^-'^-'^ 
These observations are summarized in the below: 

!Id.!Hn„"°""I^'i'"?"^T'^^'''^^"*°'^'"3 ^"^""^ a-glycosyltrehalose when allowed to act on one or more 

^X^:SZ^:^:r^' ^ - ^ - — -^o- changingr- 

(2) The non-reducing saccharide P V is mainly hydrofyzed by a-amylase into the non-reducing saccharide P II and 
2 gl^:;;::LTe;:ie; ^^"'"'"^ ^ '^^^^"•^^^^ g-ucoamylase into one treL.ose mlcu.e and 

ir,v«^o„^?=T '''^^^ '^^T\!' ""^^ '^^"^'"^sd 'hat the non-reducing saccharide-forming enzyme used in the present 
invention ,s an enzyme wh.ch inlramolecularly converts a reducing end unit in reducing partial starch hydrates into 
a non-reducing end unit, i.e. a trehalose r sidue or a trehalose structure nycroiysates into 



EP0 690 130 A1 



Experiment S 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



Acute toxicity tftat 

By using 7-week old dd-strain mice, the non-reducing saccharide Dreoaration PI p ii p iii d i\/ d x, 
administered to the mice for acute toxicity t st As a result TZTZTf T.^^^^^ ' ' ^ '^^^ ^ ^ was orally 

Experiment 9 

Production of non-reducing saccharfde-formin g enzyme bv Arthrobacterso. Qr^fi 

Similarly as in Experiment 1. a seed culture of Arthrobactsr c,n r^QR /ctzaKA dd >.o-.^x 
Rhizotium sp. M-11 (FERM BP-4130) by a fermenterfoTSou^^^^^^^ V ^ ""^^ ^'^^^^ °' 

Experiment 10 
Purification of enzyme 

Table 




Enzyme Specific Yield 

^?*^yity , activity (1) 
(unxt) (unj.t3/mg protein) ^ 




( Continued ) 



Purification step 



Eluate from gel 
filtration column 



Enzyme Specific Yield 

^f^^Yfty , activity (%) 
(unit) (units/mg protein) ^ 

5.290 ' ^ 
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it was an electrophoretically homogenous enzyme with a relatively-high purity. 
Experiment 11 
Property of enzyme 

The purified enzyme preparation obtained in Experiment 10 was determined for molecular weight on SDS-PAGE 
to give about 76,000-86.000 daltons. The pi of the enzyme preparation was determined on isoelectrophoresis similarly 
as in Experiment 3 to give a pi of about 3.6-4.6. The influence of temperature and pH on the enzyme preparation and 
the thermal stability and pH stability of the preparation were studied similarly as in Experiment 3. These results on the 
influence of temperature and pH. thermal stability and pH stability are respectively in FIG.s 5. 6, 7 and 8. 

As is evident from these FIG.s. the optimum temperature of the enzyme preparation is about 40»C; the optimum 
pH. about 6.5-7.0; the thermal stability, up to about 40**C; and the pH stability, about 6.0-9.5. 

Experiment 12 

Preparaition of non-reducing saccharide 

By using the purified enzyme preparation obtained in Experiment 10. the preparation and the confirmation of the 
structure of non-reducing saccharides were experimented in accordance with the methods in Experiments 4 and 6 As 
a result, it was revealed that the enzyme preparation forms a-glycosy trehalose when allowed to act on one or more 
reducing partial starch hydrolysates having a glucose polymerization degree of 3 or more. 

Experiment 13 

Preparation and property of non-re ducing saccharide-forminq enzvme bv known microorganism 

Among known microorganisms those as listed in Table 10. which had been confirmed to produce the non-reducing 
saccharide-forming enzymes usable in the present invention, were cultured by a fermenter at 27*»C for 72 hours similarly 
as in Experiment 1 except that a microorganism of Mycobacterium smegmatis (ATCC 19420) was cultured at 37»C 
Eighteen L of each resultant culture was subjected to a cell disrupter, and the resultant supernatant was salted out with 
ammonium sulfate, dialyzed. and subjected to an ion-exchange column to obtain a partially purified enzyme preparation 
followed by studying its properties. 

The results are in Table 10. 
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In accordance wi.h the m .hod In Experimen, 12, non-reducing sacchandes were prepared by pa.ial.y puriffed 
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enzyme preparations from known microorganisms, and studied on their structures revealing that, similarly as the non-re- 
ducng sacchande-forming enzyme from Rhizobium sp. M-11, every enzyme preparation formed a-glycosyltrehalose 
when allowed to act on one or more reducing partial starch hydrolysates having a glucose polymerization degree of 3 

or more. r a 



The followings are the explanations of trehalose-releasing enzymes from Rhizobium sp. M-11 and Arthrobacter 
sp. 036, as w II as from known microorganisms; 

Experiment 14 

Production of treh alose-releasing enzvme by Rhizobium so. M-1 1 

A liquid nutrient culture medium, consisting of 42.0 w/v % "PINE-DEX #4". a partial starch hydrolysate of Matsutani 
Chemica Ind- Co., Ltd.. Kyoto, Japan, 0.5 w/v % peptone, 0.1 w/v %yeast extract, 0.1 w/v % disodium hydrogenphos- 
phate. 0.1 w/v /« potassium hydrogenphosphate and water, was adjusted to pH 7.0. About 100 ml aliquots of the liquid 
nutrient culture medium were placed in 500-ml Erienmeyer flasks, autoclaved at 1 20''C for 20 min to effect sterilization 
cooled, inoculated with a stock culture of Rhizobium sp. M-11 (PERM BP-4130). and incubated at 27°C for 24 hours 
under stirnng conditions of 130 rpm. The resultant cultures were pooled for a seed culture. 

About 20 L of a fresh preparation of the same liquid nutrient culture medium as used in the above culture was placed 
in a 30-L fenmenter. sterilized, cooled to 27-0, inoculated with one w/v % of the seed culture, and incubated under 
agitation-aeration conditions at 27°C.and a pH of 6.0-8.0 for about 72 hours. 

The activities of a non-reducing saccharide-forming enzyme and a trehalose-releasing enzyme accumulated in the 
culture were respectively about 1.5 units/ml and about 2 units/ml. A portion of the culture was centrifuged into cells and 
a culture supematant. and the cells were suspended in 50 mM phosphate buffer (pH 7.0) to give the same volume of 
the portion, followed by assaying the enzyme activities of the cell suspension and the culture supematant The activities 
of the non-reducing saccharide-forming enzyme and the trehalose-releasing enzyme in the cell suspension were re- 
spectively about 0.6 units/ml and about 0.8 units/ml, and the culture supematant contained about 0 9 units/ml of the 
non-reducing saccharide-fomning enzyme and about 1.2 units/ml of the trehalose-releasing enzyme. 

Exp riment 15 
Purification of enzvme 

An about IS L of a culture obtained by the method in Experiment 14 was treated to disrupt cells with 'MINI-RABO" 
a supper high-pressure cell disrupter commercialized by Dainippon Pharmaceutical Co., Ltd.. Tokyo Japan The result- 
ant suspension was centrifuged at 1 0.000 rpm for 30 min to obtain an about 16 L supernatant: Ammonium sulfate was 
added to and dissolved in the supernatant to give a saturation degree of 0.2. and the resultant solution was allowed to 
stand at 4 C for one hour and centrifuged at 10,000 rpm for 30 min to obtain a supernatant 

Ammonium sulfate was added to and dissolved in the resultant supematant to give a saturation degree of 0.6. and 
^^!c«? . n ""^I^K '° ^'^"'^ 24 hours and centrifuged. followed by collecting a precipitate and 

on^^nl 'V ''Tf^'T -""^^ ^^'^ ^''^'"^^ ^'^-y^^^ a 'resh preparation 

of the same phosphate buffer for 24 hours, and centrifuged to remove insoluble substances. Three hundred and sixty 
ml of the dialyzed solution was divided into 2 portions which were then separately subjected to column chromatography 
SkyHaTan" "^"^ °' ^^''^OYOPEARL®-. an ion-exchanger commercialized by Tosoh CorporatL 

The objective non-reducing saccharide-forming enzyme and trehalose-releasing enzyme were adsorbed on the 

m2n^«d w»f "rfn^r f ^''f '^'^'^ """^ """""" ^'"^ ^ '^^"^ preparation of the same phosphate buffer supple- 
mented with salt at different salt concentrations. The elution pattern from the column or the column chromatogram is in 
M whiJl "^='"9 saccharide-forming enzyme was eluted from the column at a salt concentration of about 0 2 

M. while the trehalose-releasing enzyme was eluted from the column at a salt concentration of about 0 3 M The tractions 
containing erther of the objective enzymes were separately pooled and purified as follows- 

ar«..nn o.T'^'^ "^"r^ containing the non-reducing saccharide-fomiing enzyme were dialyzed against a fresh prep- 
ZTr^r^l^n ^Tf Supplemented with 2 M ammonium sulfate. The dialyzed solution was centrifugal 

usiTr^ iM^n ? H fKonn ^"^ supernatant was subjected to hydrophobic column chromatography 
nor Jion^Lr T T ^ °' -BUTYL-TOYOPE ARL® 650-. a hydrophobic gel commercialized by TosS, Cor 
f rom ? M^o n°M ?r ^^^^^'^^"^ °" '^"^ 9«' from the column with a lin r gradient buffer ranging 

lubTeLH l^i i recovering fractions with the enzyme activity The resultant fractions were pooled and 

subjected to gel filtration chromatography using a column packed with 300 mi of "TOYOPEARL® HW-55" a resin for 
gel Chromatography commercialized by Tosoh Corporation. Tokyo. Japan, followed by recovering fractions with the 
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enzyme activity. 

Fractions with a trehalose-releasing enzyme activity eluted from the column of "DEAE-TOYOPFARL m)« xA/«ro , ^ 

Table 11 



Purification 
s-tep 



Culture 



Total enzyme* 
activity (units) 



Specific Yield 
activity ( % ) 

(units/mg protein) 



28, 500 



Supernatant after 
cell disruption 



22,900 



0.12 



100 



80 



( Continued ) 



Purification 
step 



Dialyzed solution 
after salting out 



. f nzyme Speci f ic Yield 

activity (units) activity (Ij 

(units/mg protein) 



21,100 



0.43 



74 



Eluate from ion- 
exchange column 

Eluate from 
hydrophobic column 

Eluate after gel 
filtration column 



15,200 
7,950 



5.2 



53 



101 



28 



5,980 



197 



21 



Note : The symbol means a non-reduci 



enzyme 



ng saccharide- forming 
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Table 12 



Purification 
step 


ioxaJL enzyme 
activity (units) 


Specific 
activity 
(units/mg protein) 


Yield 
(%) 


Culture 


37,400 


- 


100 


cell disruption 


31, 500 


0.17 


84 


after salting out 


29, 200 


0.60 


78 


Eluate from ion- 
exchange column 


25, 400 


5.3 


68 


Eluate from 
hydrophobic column 


18, 700 


98.5 


50 


Eluate from gel 
filtration column 


11, 600 


240 


31 



Note : The symbol means a trehalose-releasing enzyme. 

a.^JJ^J^nT'^ ^T""^ preparations, obtained as an eluate from the gel filtration columns in Tables 1 1 and 12 were 
tTZ^T. T'^ T- « 7.5% poVacrylamide gel. As a result, each enzyme preparation was ob 
ly h"gh pur^ ' ' "'^"""^ ^'"^ ''^^ electrophoretically-homogeneous preparations w1"a reSi^e- 

Experiment 16 

Property of trehalose-releasing enzyme 

Plp.tl^'"^" "i -^ ^'iZ^'^ trehalose-releasing enzyme preparation, obtained by the method in Experiment 15 was 
l~ZS;?s7o^^^^ ^^P-- --""9 that it^has^SS 

actiyir^r™^^^^^ 

Experiment 17 

_Pf paration of trehalos e by a-QlycosyltrehalosB 

a-Glycosyltrehalose as a substrate was prepared in accordance with the rr^ethod in Experiment 4: To a 20% aqueous 
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and lltoh^So^L^ UT ^^'^'^♦^^ maltotriose. maltotetraose. mattopentaose. martohexaose 

ta^erbv^ «Sh^ P ^ °' ^ non-reducing saccharide-forming enzymTob 

tained by the method in Expenment 1 5. subjected to an enzymatic reaction at 40°C and pH 7 0 for 48 hours The rMciS, 
mrxture was heated to inactivate the remaining enzyme, fittered, decolored, desalted a^d concentered L a h qh sS^ 
charide content solution which was then column chromatoqraDhed bv usinn "yt iniR in mZ* 7 T 
commercialized by ToKyo Organic Chemical Industries. Ltd^o' 1^1 t^Ilo um c^^TogX^^rerr 

each whrch were then cascaded in series, heated to give the inner column temperature of SsTap^liSSh 5 v^ % 
oL.in nrh' f '° ^"^ "^^^P'^S and fed with 55-C hot wSer arsv o' 3 to 

^nl t''' " "T""^"""^ saccharides having a trehalose structure as an end unit and a gluc^e polymer^ILn 
degree of 3 or more. Among the resultant high-purity preparations, the purities of the preparations of glS^rehSr 

sTrSr^fet Srrrird sr^^^^^^ .a«opentLsVeha,ose "^cry 

and p?77fn8Ll7 Th T ? ^T'""'"' ""'^ ^"'''^'^""^ ^^^^^ '° - -^V-atic real on at^»C 
acontrol.=h:f^^^^^^^^^^ 

crprrss^rr^sri^^^^^^^^ 
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1. The trehalose-releasing enzyme specifically hydrolyzes the linkage between a trehalose moiety and a glycosyl 
moiety in a-glycosyltrehalose to form trehalose and a reducing saccharide having a glucose polymerization degree 
of one or more; and 

2. Mattooligosaccharide is not hydrolyzed by the trehalose-releasing enzyme. 

These results confirm that the trehalose-releasing enzyme usable in the present invention is an enzyme which has 
a new reaction mechanism of specifically hydrolyzing the linkage between a trehalose moiety and other glycosyl moietv 
in a-glycosyltrehalose to release trehalose. o / / / 

To purify trehalose in each reaction mixture, it was subjected to column chromatography using a column packed 
with XT-101 6". a strong-acid cation exchange resin in Na+-form commercialized by Tokyo Organic Chemical Industries 
Ltd., Tokyo, Japan, followed by recovering fractions containing 97% or more of trehalose. The fractions were pooled 
and concentrated into an about 65% solution which was then allowed to stand at 25-C for 2 days to crystallize trehalose 
into hydrous crystalline trehalose, followed by separating and drying it in vacuo to obtain a high-purity trehalose prep- 
aration with a purity of 99% or more, d.s.b. The yields of trehalose from glucosyltrehalose. maltosyltrehalose maltotri- 
osyltrehalose. maltotetraosyltrehalose and maltopentaosyltrehalose used as a substrate were respectively 9 5% 1 4 9% 
1 6.0%. 1 8.5% and 1 7.7%. d.s.b. The high-purity trehalose preparations and a commercially available trehalose specimeri 
as a standard were studied for melting point, heat of fusion, specific rotation, infrared absorption spectrum powdery 
X-ray diffraction pattern, and readiness of hydrolysis by a trehalase specimen derived from pig kidney, commercialized 
by Sigma Chemical Co.. St. Louise. USA. Asa result, every trehalose preparation showed a melting point of 97 0±0 S-C 
a heat of fusion of 57.8±1 .2 kJ/mole and a specific rotation of -H 82±1 ; r . and these values well corresponded with those 
of the standard trehalose specimen, and the infrared absoiption spectra and powdery X-ray diffraction patterns of the 
trehalose preparations also well corresponded with those of the standard trehalose specimen. Similarly as the standard 
trehalose specimen, the trehalose preparations were decomposed into glucose molecules. As is evident from these 
results. It was identified that the saccharide, which is formed by allowing the trehalose-releasing enzyme to act on 
a-glycosyltrehalose. is trehalose. 

Experiment 18 

Preparati on of trehalose from reducing partial starch hvdrolvsates 

A suspension containing 5% waxy com starch was gelatinized by heating, adjusted to pH 4.5. heated to SO'C mixed 
with 4.000 units/g starch, d.s.b.. of an isoamylase specimen commercialized by Hayashibara Biochemical Laboratories 
on.?^^'"^" ^"^ subjected to an enzymatic reaction for 20 hours. The reaction mixture was autoclaved at 

120 C for 10 mm. cooled to 60»C, and subjected to gel filtration column chromatography using a column packed with 
750 ml of "TOYOPEARL® HW-50S-. a gel product commercialized by Tosoh Corporation. Tokyo. Japan, to obtain re- 
ducing partial starch hydrolysates having a glucose polymerization degree of 35-10. 

Either of the resultant reducing partial starch hydrolysates or maltotriose having a glucose polymerization degree 
of 3. as a substrate, was dissolved in 10 mM phosphate buffer (pH 7.0) into a one % solution which was then mixed 
with a purified non-reducing saccharide-forming enzyme and a purified trehalose-releasing enzyme, which were pre- 
pared by the method in Experiment 1 5. in respective amounts of 4 units/g substrate, d.s.b., and subjected to an enzymatic 
reaction at 40-'C for 24 hours. After completion of the reaction, a portion of the resultant reaction mixture was desalted 
and analyzed on HPLC. 

The rest of the reaction mixture was heated to 50'C. adjusted to pH 4.5, admixed with 50 units/g substrate d s b 
of glucoamylase commercialized by Seikagaku-Kogyo Co. Ltd., Tokyo, Japan, and subjected to an enzymatic reactiori 
for 24 hours. Similarly as above, a portion of the resultant reaction mixture was desalted and analyzed on HPLC The 
results are in Table 14. 
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th glucose polymerization degree of the reducing partial starch hydrolysates as a substrate, the higher the purity of 
trehalose in the resultant reaction mixtur s. It was also found that the purity of trehalose in the resultant reaction mixture 
can be more increased by allowing glucoamylase to act on the reaction mixtures, which were prepared by these enzym s. 
to hydrolyze the remaining non-reducing saccharides, having a trehalose structure as an end unit and a glucose polym- 
erization degree of 3 or more, into trehalose and glucose molecules. 

Experiment 19 

Maillard reaction 



A solution, containing one % of glycine, 10% of a high-purity trehalose preparation with a purity of 99.5%, d.s.b.. 
obtained by the method in Experiment 1 7. and 50 nnM phosphate buffer (pH 7.0), was kept at 1 00*C for 90 min, followed 
by cooling the resultant solution and determining the absorbance at a wave length of 480 nm in a 1 -cm cell. As a control, 
glucose and maltose were similarly treated as above, and the resultants were determined for absorbance at a wave 
length of 480 nm. The results are in Table 15. 



Table 15 



Saccharide preparation 


Coloration degree (480 nm) 


Trehalose (Present invention) 


0.006. 


Glucose (Control) 


1.671 


Maltose (Control) 


0.926 



As is evident from the results in Table 15, it was revealed that the trehalose preparation was slightly colored on the 
maillard reaction, i.e. the coloration degree was only about 0.4-0.6% of that of glucose or maltose. The results show 
that the present trehalose preparation is substantially free from the maillard reaction. Thus, the preparation is a saccha- 
ride which does not substantially deteriorate ainino acids even when mixed with them. 

Exp riment 20 
Utilization test in vivo 

In accordance with the method as reported by H. Atsuji et al. in ^'Rinsho-Eiyo', Vol.41, No.2, pp.200-208 (1972). 
30 g of a high-purity trehalose preparation with a purity of 99.5%. d.s.b.. obtained by the method in Experiment 17 was 
dissolved in water into a 20 w/v % aqueous solution which was then orally administered to 6 healthy male volunteers. 
26-. 27-. 28-, 29-. 30- and 31 -year-old. The volunteers were collected their blood at a prescribed time interval, and each 
collected blood was assayed for blood sugar-and insulin-levels. As a control glucose was used. As a result, the trehalose 
preparation showed the same dynamics as glucose, i.e. the blood sugar- and insulin-levels showed their maxima at an 
about 0.5-1 hour after their administrations. It was revealed that the trehalose preparation is readily assimilated, ab- 
sorbed, metabolized and utilized by the body as an energy source. 

Experiment 21 
Acute toxicity test 



By using mice, a powdery saccharide composition with a reduced reducibility. obtained by the method in EXample 
A-5. A-7 or A-8. was orally administered to the mice for acute toxicity test. As a result, it was revealed that these powdery 
saccharide compositions have a relatively-low toxicity and no mouse died even when administered with their highest 
possible doses. Though not so accurate, the LD50 of them is 50 g/kg or more. 

Experiment 22 



Productio n of trehalose-releasing enzyme by Art hrobacter so. Q36 

Similarly as in Experiment 14. a seed culture of Arthrobacter sp, Q36 (PERM BP-4316) was cultured by a fermenter 
for about 72 hours in place of Rhizobium sp. M-1 1 (PERM BP-41 30). The activities of a non-reducing saccharide-f orming 
enzyme and a trehalose-releasing enzyme in the resultant culture were respectively about 1.3 units/ml and about 1.8 
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about 0,5 u„«s/ml of Ihe i™hatos3»stotSl« ?° saochaHds-loming eozymo and 

aac^r,*.,^i„, a„3,.e an^'S^TaTnlSrorihT.lS^^^^^^^^ — 

Experiment 23 
Purification of enzyme 

«uc^,sac..a™e-,o™»,,e„.,™a„da,^a.sa.,S™™rCi^^^^^^^^ 

Table Ifi 



Purification «ep li?,-^tl, VieX.. 

^ ^^^(unit:) (units/rag protein) 



Culture 



23,700 



Supernatant after 
cell disruption 



22,400 



0. 15 



( Continued ) 



100 




Purification stap To^ly 

.(unit) (units/mg protein) 



Yield 
(%) 



Eluate from ion- 
exchange column 



15,100 



Eluate from 
hydrophobic column 



Eluate from gel 
fil"tration column 



8,450 



6, 120 



6.5 



64 



115 



217 



35 



26 



Note: The symbol nieans a non-reducing 

saccharide- forming enzyme. 
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Table 17 



Purification step 


Enzyme** 
activity 


Specific 
activity 
(unit) 


Yield 
(%) 

(units/mg protein) 


Culture 


32,500 




100 


SuDernatan't aftf^-r 
cell disruption 


•jW f JL\J\J 


0 . 19 


93 


Dialyzed solution 
after salting out 
with ammonium sulfate 


25,400 


0.72 


78 


Eluate from ion- 
exchange column 


22,700 


22,3 


70 


Eluate from 
hydrophobic column 


15,200 


215 


47 


Eluate from gel 
filtration column 


11, 600 


497 


36 



Note: The symbol "**" means a trehalose- 
releasing enzyme. 

Purified enzyme preparations of the non-reducing saccharlde-forming enzyme and the trehalose-releasing enzyme 
obtained as the eluates from gel filtration columns In Tables 16 and 17, were determined for purity on electrophoresis 
similarly as in Experiment 15. As a result, they were respectively found as a single band revealing that they were elec- 
trophoretically homogenous and relatively-high in purity 

Experiment 24 

Propertv of enzvme 

A purified trehalose-releasing enzyme preparation, obtained by the method in Experiment 23. was determined for 
molecular weight on SDS-PAGE to give about 57.000-67.000 daltons. The pi of the enzyme preparation was determined 
on isoelectrophoresis similarly as in Experiment 3 revealing that it is about 3.6-4.6. The influences of temperature and 
PH on the enzyme activity, as well as the thermal stability and pH stability were studied similarly as in Experiment 16 
The r suits of them are respectively in FIG. s 14-17. 

As is evident from these FIG.s. the optimum temperature of the enzyme preparation is about 45»C the optimum 
pH. about 6.0-7.5: the thermal stability up to a temperature of about 45° C: and the pH stability, about 5.0-10.0 

Experiment 25 

Preparati on of trehalose Irom a-Qlycosvltrehalose 

By using a purilied enzyme preparation obtained by the method in Experiment 23. trehalose was prepared from 
non-reducing saccharides having a trehalose structure as an end unit and a glucose polymerization degree of 3 or more 
according to the method In Experim nt 17 revealing that the enzyme preparation releas s trehalose Irom a-glycosyl- 
trehalose similarly as the trehalos -releasing enzyme derived from flrt/zob/um sp M-11 
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Experiment 2fi 



Production and property of trehalose-rel asing e nzyme bv knnwn microQmP.ni>.m 

Among known microorganisms, those of the species Brevibacterium helvolum (ATCr 
rosBus (ATCC 186). which had been confirmed by the present inyentor^o ororcT t^ T Micrococcus 

usable in the present Invention, were respectiv ly cultured by a feZnt^at 27-So^^^^^^ 
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In accordance with the method in Experiment 25. the experiment to prepare trehalose by the partially purified enzyme 
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S3^of°S «r T^Y'^^^- ^^"'"3 ^ "^^"'^•'^^^ ^= ^" ^"'^ and a glucose polymerization 

degree of 3 or more, was conducted. As a result, it was revealed that similarly as the trehalose-releasina enrimf from 
Rh,zob,um sp. M-11 , all the preparations release trehalose from a-glycosyltrehalose ^ ^ 

Experiment 27 

Influenc of starch liquefaction degree and enzyme fnr pr^oarino high ♦r.h..n.» c ontent .....h.hh. ..^p^.»,.. 

»nH T^'T '1^^^'°^^ saccharide compositions from starch, the influence of the combination of enzvmes 

bonl ^^"f 9^«.^^ °' ^'^^^^ «'"died. A 20% com starch suspension was mixed wTh SiTca cium car 

bonate. d.s.b.. and the m.)rture was adjusted to pH 6.5, mixed with 0.1-2.0% per g starch d s b o 'TEmlZvL' 
«-amylase commercialized by Novo Industri A/S. Copenhagen. Denmark. enzymaLiry ^acted at 95-C f^^^ 
and autoclaved at 120°C for 10 min into a liquefied solution (DE 2 5-20 5) The resultant m^^?rf If « ? C' 

Biochemical Laboratories. Inc., Okayama. Japan, and 5 units/g starch, d.s.b.. of a cyclomaltodextrin qlucanot^nSr^f 

specimen commercialized by Hayashibara Biochemical Laboratories, Inc Okayama T^n folld h„ th^^ 

reaction at pH 6.0 and 45-C for 24 hours. The reaction mixture was heated afss'SforTo mT^^^ c^^^^^^^^ 

un,ts/g starch, d.s.b.. of glucoamylase. and enzymatically reacted at pH 5.0 for 10 hours Te rSL^on miJure Thus 

obtained was analyzed on HPLC and examined for trehalose content (w/w % d s b ) with resoect to thr.nT=f. t k 

drates. As a control, a liquefied starch solution was first subjected to the action tu^enZ S^^^^^ 

enzyme and the trehalose-releasing enzyme, then the reaction mixture was similarly as aLoVeTubJcTed^^^^^^^^^ 

of glucoamylase. followed by examining the resultant mixture on HPLC. The results are in Table 19 
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As is evident from the results in Table 19. it was revealecJ that in the case of preparing high trehalose content 
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' Example A-1 

and 300 units/g starch, d.s.b.. of iSatylase a^d enzy^l'^y reacSfi-C^^^^^^^ saccharide-formmg enzyme 

centrated to obtain an about 50% syrup in a yield of about 90<y ri « h tk ^^^^ OH-form. and con- 

reduced reducibility which had a DE of about sTnH r^on?.! h i T ^ ^'^'^^^^"d^ composition with a 

Example A-2 

Of •N^SS'piTisP- r^Sf ^" -"-pension which was then mixed with 0.2% per g starch d s b 

was enzym™iy \1:^,:xb7'^^cT£.u^^^^^^ "^^^ -su 'ant suspenlon 

liquefied solution irrS Of about 4 ^ tt^lfl"""' '"^^^ ^' ^"'^ P-^-^P^'^ a 

s^ccharide-fomJng en^me oLt^nei bv!L m^miJ? p ^^-^^^^^^ """^^ °' « P"""^^ non-reducing 

cialized by Haylhibara SLhImS StoraTont .1. n!""^'"' """''^ °' P^'^^'^nase commer 

OS -forming enzyme pr:d'rd;Xa™^ 

enzymatically reacted at pH 6 5 and 40<»r for hr^.W •='''"|f*''^"«s, inc.. UKayama, Japan, and the mixture was 
to inactK^ate^e remaininren/ym^^tf^^Ln^c:^^^^^^^^^^ 

non-reducing saccharides in the solution, it was column chrJmat^rXdwim "^T IoTT /" '"'''^T °' 
resin in Ca2*.form commercialized Tokw« Or^o^r^^ T . P >"-1016 . a strong-acid cation exchange 

follows: The resin was pacSd n 4 .aclSed s?a?n^^s Jtee^f "'"f '"P^" P^°^«^"^« - 

then cascaded in series to glv^a tota gSbi^^^^^^^^^ 'T' °' 

temperature of SS-C. and fed with 5 v/v <>/ of cn.n T^' I """"^ ""^'^ ^^^'^^ ♦° 9*^« ^^^^ *""e^ column 

by fractionating it by feed^ toThHlrst , Ts-C^T^^^^^^^ 

saccharides having a glucose polymerization deorprof^R Vr , ^ u fractions rich in non-reducing 

centrated into an about 50% syrTd s b ^e sv^^a^L^^^^^^^ "'"^'"^^ ^^^^ P°°'^^- P""''«^ 

which contains «-glycosyltreS ose tnd relcfnn c^'.^f composition with a reduced reducibiiity and a DE 5.4 

-9-.ed,p iLn:~z":iz:i^^^^^^^^ 

composition with a reduced reducibility fDE of less than i T^.l l^f " P'°^"'='- ^ saccharide 

having a trehalose structure he molecLle^ hTJi ^ ? T 

viscosity and adequate ^ZTre^,nZ ^M^^^^ ^"^ high^uality sweetness, relatively- low 

quality-improving aqent SbTzer S it o^. ^ ^, ^"^'"^"^ ^= ^ sweetener, taste-improv.ng agent 

and pharr^aceSs ^"'^"^ ^ "^^'^'^ °' compositions such as focxJs. cosmetics 

Example A~3 

Com starch was prepared into a 30% suspension which was then mixed with calcium carbonate to give the final 
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concentration of 0.1%. d.s.b., and the resultant mixture was adjusted to pH 6.5. admixed with 0.3% per g starch d s b 
of TERMAMYL SOL", a-amylase commercialized by Novo Industri A/S Copenhagen. Denmark, and subjected to an 
enzymatic reaction at 95°C for 15 min. The reaction mixture was autoclaved at 120»C. promptly cooled Into a liquefied 
solution (DE 4) which was then admixed with 4 units/g starch, d.s.b.. of a purified non-reducing saccharide-forming 
enzyme obtained by the method in Experiment 2. 300 units/g starch, d.s.b.. of isoamylase. and 5 units/g starch d s b 
of cyclomaltodextrin glucano-transferase commercialized by Hayashibara Biochemical Laboratories Inc Ok^yama' 
Japan and subj cted to an enzymatic reaction at pH 6.3 and 450C for 48 hours. The reaction mixture was heated at 
95 C for 10 mm. cooled, admixed with 10 units/g starch, d.s.b., of p-amylase. and enzymatically reacted at 55'C and 
pH 5.5 for 16 hours. The reaction mixture was heated to inactivate the remaining enzyme, and. in usual manner de- 
cotored desalted, purified and concentrated into an about 50% syrup. The syrup, a saccharide composition with a 
reduced reducibility which contained reducing saccharides and non-reducing saccharides such as those having a tre- 
halose structure as an end unit and a-glycosyl a-glucosides, was in accordance with the method in Example A-1 hy- 
drogenated, purified and concentrated to obtain a 70% syrup In a yield of about 80%, d.s.b. The product a saccharide 
composition with a reduced reducibility (DE of less than 1 ) which contains sugar alcohols and non-reducing saccharides 
having a trehalose structure within the molecules, has a satisfactorily mild and high-quality sweetness, relatively-low 
viscosity, and adequate moisture-retaining ability, and can be arbitrarily used as a sweetener, taste-improving agent 
quality-improving agent, stabilizer, filler, excipient and/or diluent in a variety of compositions such as foods cosmetics 
and phamnaceuticals. 

Example A-4 

A syrup obtained by the method in Example A-3 was prepared into an about 55% solution which was then column 
chromatographed with a strong-acid cation exchange resin in alkaline form In accordance with the method in Example 
A-2, followed by collecting fractions rich in non-reducing saccharides with a glucose polymerization degree of 3-6 The 
fractions werapooled, purified and concentrated Into an about 50% symp. The syrup, a saccharide composition (DE 8) 
with a reduced reducibility which contained reducing amylaceous saccharides and non-reducing saccharides such as 
a-glycosyl a-glucosides and those having a trehalose structure as an end unit, was in accordance with the method in 
Example A-1 hydrogenated, purified and concentrated to obtain a 70% syrup in a yield of about 30% d s b The syrup 
thus obtained is a saccharide composition with a reduced reducibility (DE of le&s than 1) which contains sugar alcohols 
and non-reducing saccharides having a trehalose structure within the molecules, and has a satisfactorily mild and 
high-quality sweetness, relatively-low viscosity, and adequate moisture-retaining ability. Thus, it can be arbitrarily used 
as a sweetener, taste-improving agent, quality-improving agent, stabilizer, filler, excipient and/or diluent in a variety of 
compositions such as foods, cosmetics and pharmaceuticals. 

Example A-5 

Com starch was prepared Into an about 30% suspension, and. in accordance with the method in Example A-3 
a-amylase was allowed to act on the suspension to obtain a liquefied solution (DE 4) which was then admixed with 5 
units/g starch, d.s.b.. of a purified non-reducing saccharide-forming enzyme obtained by the method in Experiment 2 
10 units/g starch, d.s.b., of a purified trehalose-releasing enzyme obtained by the method in Experiment 15, and 500 
units/g starch, d.s.b., of isoamylase, and subjected to an enzymatic reaction at pH 6.0 and 40''C for 48 hours The 
reaction rnixture containing 76.3% trehalose, d.s.b., was heated to inactivate the remaining enzyme, and. in usual man- 
ner, decolored, desalted, purified and concentrated into an about 45% syrup. The syrup thus obtained was a non-re- 
ducing saccharide composrtion rich in trehalose, and. in accordance with the method In Example A-1 it was hydroqen- 
ated, purified and concentrated Into an about 85% solution. The resultant solution was placed in a crystallizer crystallized 
while gently st.rnng and gradually cooling, transferred to a plastic plain vessel, allowed to stand at ambient iemperature 
or 2 days, and aged to terminate the crystallization and to form a block. The resultant block was pulverized by a cutter 
to obtain a powdery saccharide composition with a reduced reducibility containing hydrous trehalose and sugar alcohols 
in a yield of 80% with respect to the material starch, d.s.b. The product with a reduced reducibility (DE of less than 1) 
s readily handleable and can be arbitranly used as a sweetener taste-improving agent, quality-improving agent, stabi- 
lizer filler excipient and/or diluent in a variety of compositions such as foods, cosmetics and pharmaceuticals. 

Example A-6 

Tapioca starch was prepared into an about 30% suspension, and. in accordance with the method in Example A-2 
rS/!.^!.'^^! 'f °1 ="^P«"«'°" »° a "q^efled solution (DE 5), followed by adding to the solution 

10 ?.fni.!^?,^" K^H K ^ r . """•^^•^^^'"S saccharide-forming enzyme obtained by the method in Experiment 
10, 5 units/g starch, d.s.b., of a purified trehalose-releasing enzym obtained by the method in Experiment 23 and 200 
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Snt glucanotransferase. and subjecting the resultant mixture to an enzymatic 

Example A-7 

mmmMm^tmm 



Example A-8 



concmraso a„o cl'allted » ro™ fh^^v ^"^ " »«" «>e m.lhod In Example A-s. 

Example A-9 

magnesium Ste of w^V illrJ^lT'""^ phosphate. 0.06 w/v % sodium dihydrogen phosphate O.05 In % 
g m sulfate. 0.5 w/v /„ calcum carbonate, and water, and the medium was steriliz d by heating, cooled and 
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inoculated with a seed culture of Pimetobacter sp. R48 (FERIVl BP-431 5). followed by the incubation at 27*»C for about 
40 hours under stirring conditions. The resultant culture had 0.55 units/ml of a mattose-trehalose converting enzyme. 
0.18 kg of wet cells collected from 18 L of the culture was suspended in 10 mM phosphate buffer (pH 7.0). and about 
1 .5 L of the suspension was treated with an ultrasonic cell disrupter to disrupt cells. The resultant mixture was centrif uged 
to obtain a supernatant which was then concentrated with a UF membrane to obtain an about 500 ml of a concentrated 
enzyme solution containing about 1 8 units/ml of a maltose-trehalose converting enzyme. To 15% com starch suspension 
(pH 5.5) was added 2 units/g starch, d.s.b.. of "SPITASE HS". a-amylase commercialized by Nagase Biochemicats. 
Ltd.. Kyoto. Japan, and the mixture was stirred, heated to effect gelatinization and liquefaction, and then promptly auto- 
claved at 120°C for 20 min. Thereafter, the resultant mixture was cooled to 55"C. adjusted to pH 5.0, mixed with- 300 
units/g starch, d.s.b.. of isoamylase, 20 units/g starch, d.s.b.. of p-amylase commercialized by Nagase Biochemicals, 
Ltd.. Kyoto, Japan, and enzymatically reacted for 24 hours to obtain an about 92% maltose solution. The solution thus 
obtained was heated at 100°C for 20 min, cooled to 20*»C, adjusted to pH 7.0, and mixed with 1 .5 unlts/g starch, d.s.b.. 
of the concentrated enzyme solution prepared in the above, and enzymatically reacted for 72 hours. The resultant 
reaction mixture was heated at 95** C for 10 min, cooled, and. in usual manner, decolored with an activated charcoal, 
filtered, desalted and purified with ion-exchangers in H- and OH-form. and concentrated into an about 50% syrup. 

The product contained about 64% trehalose, d.s.b.. and had a low DE of 18.0. In accordance with the method in 
Example A-1 , the syrup was hydrogenated. purified and concentrated to obtain an about 70% syrup in a yield of about 
80%. d.s.b. The product, a saccharide syrup with a reduced reducibility (DE of less than 1) which contains trehalose, 
maltito! and a small amount of sorbitol, has a mild sweetness, adequate viscosity, and satisfactory moisture retaining 
ability, and these render it arbitrarily useful in a variety of compositions such as foods, cosmetics and phaimaceuticals. 

Example B-1 
Sweetener 

One part by weight of a powdery saccharide composition with a reduced reducibility. obtained by the method in 
Example A-7. was homogeneously mixed with 0.01 part by weight of "aG SWEET", a-glycosyl stevioside commercialized 
by Toyo Sugar Refining Co.. Ltd.. Tokyo. Japan, and 0.01 part by weight of L-aspartyl-L-phenylalanine methylester 
commercialized by Ajinomoto Co., Ltd. , Tokyo. Japan, and the mixture was fed to a granulator into a granular sweetener. 
The product has a satisfactory sweetness, about 2-fold higher sweetening power of sucrose, and an about half caloric 
value of sucrose. The product with a satisfactory stability does not affect and decompose other sweeteners with a rel- 
atively-high sweetness even when mixed with them, and because of this it can be suitably used as a low-caloric sweet- 
ener for low-caloric food products for fat persons and diabetics who restrict their calorie intake. From the product are 
scarcely formed acids and insoluble glucans when dental carries-inducing microorganisms act on it. and this renders it 
useful for sweetening food products directed to the prevention of dental carries. 

Example B-2 



Hard candy 



One hundred parts by weight of 55% sucrose solution was mixed while heating with 30 parts by weight of a syrup 
containing a saccharide composition with a reduced reducibility obtained by the method in Example A-1 . and the resultant 
mixture was concentrated by heating in vacuo until the moisture content lowered to below 2%. The concentrate was 
admixed with one part by weight of citric acid and adequate amounts of a lemon flavor and a coloring agent, and the 
resultant mixture was formed in usual manner into the desired product. The product is a high-quality hard candy which 
has a satisfactory taste and biting property but has no fear of changing the shape and causing the crystallization of 
sucrose. 



Example B-3 
Chocolate 



Forty parts by weight of cacao paste. 1 0 parts by weight of cacao butter. 30 parts by weight of sucrose, and 20 parts 
by weight of a powdery sacchande composition with a reduced reducibility obtained by the method in Example A-8 were 
mixed, and the mixture was pass d through a refiner to reduce the particle size of the contents, fed to a conche and 
kneaded at 50**C for 2 days. Before completion of the kneading. 0.5 parts by weight of lecithin was added to and homo- 
geneously mixed with the resultant. The mixture thus obtained was adjusted to 3rc with a thermoregulator poured 
into a mold before the butter was solidified, deaerated with a vibrator, and passed through a cooling tunnel at 10»C for 
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' Example B-4 
Chewing oum 



Example B-5 

Sweetened condensed milk 



Exam2ViTnHl "'^'^'L' ? ^ "^'u^^ saccharide composition with a reduced reducibility obtained by the method in 



Example B-6 

Beverage containing lactic acid hartpria 



Example B-7 
Powdered |uice 



stirriL c^ndi fonrwth 5^^^^^^ ' '° m ^^^P"^"" ^^^^^ ^-^'^S -^^^ ^ homogeneity under 

ttTethod rEiXl A^l^^^^^^^ °' " ^r:'"'' composition with a reduced reducibility obtained by 

weight Of mi ad7o 1 part bv wJ^^ht^rf n° ''^"^ ^"'^'^ °' ""'^^^^^"^ ^""^ ^^'^ 0.^ Part by 

pullulan. and an ad«n.. .r^^' !' ."-"^.^.T" ""^1. °^ ^^'9^' °' 0-5 parts by weight of 

granulatorand granulated forSl min h! '^ '^ '"^'^"^^ pulverized, fed to a fluidized-bed 

by the me hi irExa'^ple A^^Te^ '° the contents a high trehalose content syrup, as a binder, obtained 

and packed to oLSnThi HoJ ^ M t ^^""""^ '° "^^^ 9^^""'^= •^'"s obtained were weighed 

>^s Sb f,o°a^iSl^^^^^^^^^^ The product, a powdered Juice conta.n.ng about SO"/., orange juice, dib 

D e lor a reiaiively-long period of time without giving an unsatisfactory smell and taste. 



Example B-S 
Custard cream 



were mixed to homogenerty ^^e mixtu e ^^Idm^^^^^^ m T°''- ''^ "^'^h. of saU 

y mixiure was aamixed with 280 parts by weight of egg, and gradually mixed with 1 .000 
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parts by weight of a boiling milk. The resultant mixture was continued stirring while heating, and the heating was stopped 
when the corn starch In the mixture was completely gelatinized to give the whole contents semitransparent, followed by 
cooling the resultant and adding thereto an adequate amount of a vanilla flavor. The resultant mixture was weighed 
injected and packed to obtain the desired product. The product has a smooth surface and gloss, as well as a mild taste 
and sweetness. 



Example B-9 

"Uiro-no-moto'' (premix of sweet rice jelly) 



Ninety parts by weight of rice powder was mixed to homogeneity with 20 parts by weight of com starch 40 parts 
by weight of sucrose. BO parts by weight of a powdery saccharide composition with a reduced reduciblllty obtained by 
the method in Example A-5. 4 parts by weight of pullulan to obtain a " uiro-no-moto". The product was mixed with ade- 
quate amounts of water and a ''matcha'' (powdered tea), and the mixture was placed in a container and steamed up for 
60 hours to obtain a "matcha uiro\ The product has a satisfactory gloss, biting property and flavor, and it has a rela- 
tively-long shelf-life because the retrogradation of starch therein is well inhibited. 



Example B-10 
Mn" (beans paste) 



To 10 parts by weight of "adzukf beans as a material was In usual manner added water and boiled, followed by 
r moving water-soluble impurities and the astringency and harshness of the beans to obtain about 21 kg "adzuki-tsu- 
bu-an". To the resultant was added 1 4 parts by weight of sucrose, 5 parts by weight of a syrupy saccharide composition 
obtained by the method in Example A-9. and 4 parts by weight of water, and the resultant mixture was successively 
boiled, mixed with a small amount of salad oil. and carefully kneaded up so as not to jam the beans, followed by yielding 
about 35 kg of the desired product. The product is free from discoloration inducible by boiling and has a satisfactory 
taste, flavor and biting property, and these render it useful as a material "an" for bean-jam buns, buns with bean-jam 
filling, dumplings, bean-jam-filled wafers, sherbets and Ice creams. 



Example B-11 



Bread 



One hundred parts by weight of wheat flour. 2 parts by weight of yeast. 5 parts by weight of sugar, one part by weight 
of a powdery saccharide composition with a reduced reduciblllty obtained by the method in Example A-7 0 1 part by 
weight of inorganic yeast food were kneaded with water In usual manner, and the mixture was successively fermented 
at 26°C for 2 hours, aged for 30 min and baked up the resultant. The product is a high-quality bread having a satisfactory 
hue and nsing, as well as a satisfactory elasticity and mild sweetness. 

Example B-12 



Ham 



To one thousand parts by weight of ham meat slices were added and ground to homogeneity 1 5 parts by weight of 
salt and 3 parts by weight of potassium nitrate, and the resultant slices were piled up and allowed to stand overnight in 
a cold-storage room. Thereafter, the resultant slices were first soaked for 7 days In a cold-storage room in a salt solution 
consisting of 500 parts by weight of water. 100 parts by weight of salt. 3 parts by weight potassium nitrate. 40 parts by 
weight of a powdery saccharide composition with a reduced reducibility prepared by the method In Example A-8 and 
an adequate amount of a spice, then washed with cold water in usual manner tied up. smoked, cooked, cooled and 
packed to obtain the desired product. The product is a high-quality ham having a satisfactory hue. taste and flavor. 

Example B-13 



Powdery peptide 



One part by weight of a 40% solution of "MINUTE S\ a peptide solution of edible soy beans commercialized by Fuji 
Oil Co.. Ltd.. Tokyo. Japan, was mixed with 2 parts by weight of a powdery saccharld composition prepared by the 
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f5 



0 



of an oral or intubation feeSg therapeutic nutrition in the form 



Example B-14 
Cosmetic cream 



10 



slWng ,o Obtain a oo=^e,"?,Z pfMuJ^°JlTte^f^^ ™ °' = 



Example B- 15 
Solid Pharmaceutical 



ar~r™~r^^^^^ 

the resultant by a tableWng machre int^^^^ pulverizing the resultant dehydrated product, and tabletting 

tablet. 200 mg we ghtTe pTiu^^c^n b^^^^^^ °' "^"^^^ interferon-a per one 

I ts/adult/day^nd arb J^rily L^^^^^ a sublingual tablet to patients at a dose of 1-10 tab- 

particularly, the product can beTui^^b^ use?i?rt^l™' V^^' '^'^betes and malignant tumors. More 

Which has been remarkabV increa^na ^^e orLi? n '^'"l*' '^"P^*'"^" ""^''^^ °' P^''^"*^ of 

corporated in the product ^ctTs ^ saccharides and anhydrous crystalline maltose in- 

relatively-iongperLoftime^^^errSrtrrn?^^ 



Example B-16 
Sugar coated tablet 



sacc^a™;irnrai:fd Z^'^iZ-^fZT^r^''^^ T'''^' '° ^^'^^ °' ^ ^^^^^ 

lecular weight of 200,000, 30 parts by v^tah o^lrl^^^^ ^^nf °' '^^^'"9 ^" ^^^^9« 

until the total weight reached to abou^^O rnl lnH h '^f ^ °' ^ P^'^^ ''^ ^^'al^' °' °xide 

by weight of a fresh preparat on oUhe i^^^' J ^'^^ « consisting of 65 parts 

parts b'y weight oTlTr'^d^s ^^^^^^^^^ -'9^' <" P"" 'an. an'd 34 

appearance. The product has a rela«v2 hroh .hluf . sugar coated tablet having a satisfactory gloss and 

^^^^ P nas a relat.vely-h,gh shock tolerance and retains its high quality for a relatively-long period of 



Example B-17 
Toothpaste 
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Composition 


Calcium secondary phospfiate 


45.0% 


Pullulan 




Sodiunn (auryl sulfate 


1 .5% 


Glycerine 


20.0% 


Polyoxyethylene sorbitan laurate 


0.5% 


Antiseptic 


0.05% 


Saccharide composition with a reduced reducibility obtained by the method in Example A-5 


12.0% 


Maltitol 


5.0% 


Water ■ 


13.0% 



Example B-18 

Solid preparation tor intubation feeding 

obtained by the method ,n Example A-7, 270 parts by weight of powdered egg yolk, 209 parts by weight of defatted milk 
4.4 parts by we.ght of sodium chloride. 1 .8 parts by weight of potassium chloride 4 parts by weight oTmaqnesrrJtultete 
0.01 part by we.ght of thiamir,e. 0. 1 part by weight of sodium ascorbate. 0.6 parts by weight orv^aSTetete a^^^ 
0.04 parts by weight of r^icotinic acid amide, was prepared. Twenty-five g aliqu'ots of lel^S^pl^^Zl^n^^ fnto 
f^o'C T "^^'-'^^^^ '° °btain the desired product. In use, one bag of the product is dTiredtabout 

1 50^0 ml water .n to an intubation feeding which is then administered by the oral- or intubation-method to the nasa 
cavrty. stomach or intestines, and effectively utilized by the body as an energy-supplementing agent. 

Example B-19 

Ointment for treating trauma ' 

m.t^!!!^;nlT^'^r^l Tj^*"^ °' ^ saccharide composition with a reduced reducibility. obtained by the 

T^!^ s ^ f"^' ^° P^^^ "^^'9^' °' ^^'^ '^^^^ vvith 3 parts by weight of fodtie d^so^ ed in 

sl'^^Sf,o\T'^^;°L"''''r°'' ^"^ ^^"^-^ 200 parts by we^ht of 10 w/v % 
Srvirdueto^^^^^^ 

Tin short Jn h« ^ITn H . energy-supplementing agent for living cells due to the trehalose, and therefore 
It can shorten the healing period and readily cure the wounded sites. >«>«'ure, 

(Effect on the Invention] 

t^'"''^"^ ll^e P^ssent saccharide composition, which comprises sugar alcohols and non-reducina 

hfoh '°"T saccharides having a trehalose structure, has a satisfacto^/ J^abil ty an^^^ 

2uc.no s^r.'.'"?'"' glucanotransf erase to act on a liquefied s.arTsolS ^eX no^^^^^^^ 

2n1^h 2 ^"^ saccharides having a trehalose structure are fomied in an^no^eased ZdTo 

coX rndSrhte%?e'c?r:dt T ' "'"'^^^ ^"'^ ^ relative.y-low molecula: we^h, and 

composJfoi Lrma^tos converting enzyme to act on maltose to form a saccharide 
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ScoSbuL^n^ m« ^''""f^"' "^^^^^'^l- ^^^^^^"^^ compositions with a reduced reducibility. and gives a 
great contribution to the fields such as food-, cosmetic- and phamiaceutical-industries, as well as forestry fisheries and 
agricultural-, livestock- and chemical-industries. Thus, the industrial sign^icance of the presennnventi^^' is^^^^^^^^ 



therein without departing from the spirit and.scope of the invention. 



Claims 



4. 
5. 



^ ■ ^J^lT"T '^Tf^J*;"" ^ ^^^"'^^^ reducibility. which comprises a sugar alcohol and a non-reducing saccha- 
ride consisting of trehalose and a saccharide having a trehalose structure. reaucing saccha 

2. The saccharide composition as claimed in claim 1. wherein said saccharide having a trehalose structure is a 
non-reducing saccharide having a trehalose structure as an end unit or within the molecula 

3. The saccharide composition as claimed in claim 1 . wherein said sugar alcohol is one or more members selected 
from the group consisting of sorbitol, maltftol. maltotriitol. maltotetraitol and maltopentaitol. 

The saccharide composition as claimed in claim 1. which has a dextrose equivalent (DE) of less than 1. 

A process for preparing a saccharide composition with a reduced reducibility. which comprises- 
rh^riH/?"^^?""^,! saccharide mixture comprising a reducing amylaceous saccharide and a non-reducinq sac- 
charide consisting of trehalose and/or a saccharide having a trehalose structure- and ^ 
collecting the resultant mixture comprising said non-reducing saccharide and the formed sugar alcohol. 

^' JH! "^^^^ ^' "^^'^'^ ^'"^ saccharide mixture is obtainable by allowing a non-reducina sac 

Z^Xs^r' °^ ^ trehalose-releasing enzyme to a^t on a r^ucrng Search 

^" fTI;^ "^^'^'^ ^^'^ ^^'^"'^'"S amylaceous saccharide is one or more members selected 

from the group consisting of glucose, maltose, maltotriose. maltotetraose and maltopentaose. 

°" Jon. ^7^^^ '"^""^'^ saccharide mixture is obtainable by allowing a maltose-trehalose 
convening enzyme to act on a reducing partial starch hydrolysate containing malt Je. 

9. The process as claimed in claim 5. wherein said saccharide composition has a dextrose equivalent (DE) of less 

10. A process for preparing a saccharide composition with a reduced reducibility. which comprises- 

^s^^^^r ' cyclomaltodext^rin gltTcan^SnVerr fo 

..r JjT^^T"'^ saccharide mixture with a reduced reducibility containing a reducinq amvlaceous 

saccharide and a non-reducing saccharide consisting of trehalose and/or a saccharide harg aTehalos^^^^^^^^^ 

alcohor"^'""^ saccharide composition comprising said non-reducing saccharide and the formed sugar 

pens^^wfth a?Jn^T r "^'7' n°' ^'^^'^^ ^'^^'"^^^^ "y liquefying a starch sus- 

pension with a concentration of 10 w/w % or more to give a dextrose equivalent (DE) of less than 15 

Ih'aTeTv^oVtTeh^^^^^^ '"^'"^ ^ '^^^^'^^ « non-reducing sac- 

cnariae having a trehalose structure as an end unit or within the molecule. 

13. The process as claimed in claim 10. wherein said saccharide composition has a dextrose equivalent (DE) of less 
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than 1. 



14. A method for reducing the reducibility of a saccharide nnixture with a reduced reducibillty which comprises a reducino 
hi' e sT"L""'h'? '"f " — d-ing saccharide consisting of trehalose and/ra stchS ^a' ^ 
comorisfna t '1'^^^^^ ^ f hydrogenating said saccharide mixture to form a saccharide composition 
compnsing said non-reducing saccharide and the foimed sugar alcohol. 

1 5. A composition which contains the saccharide composition of claim 1 

16. The composition as claimed in claim 15. wherein said saccharide composition is obtainable by hydrogenating a 
saccharide mixture wrth a reduced reducibility comprising a reducing amylaceous saccharide aL Tnon redSg 
saccharide consisting of trehalose and a saccharide having a trehalose structure. ^ 

, 1 7. The composition as claimed in claim 1 5, which is a food, cosmetic.or pharmaceutical. 

JLl t'hi;T'*'°" "^'""^ '^'"^ saccharide composition has a dextrose equivalent (DE) of 
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FIG, I 
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FIG. 3 
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FIG, 5 
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FIG. 6 
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FIG, in 
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FIG. 15 
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